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^  I  "^  HE  marvelous  developments  of  the  present  day  in  the  field 
of  Civil  Engineering,  as  seen  in  the  extension  of  railroad 
lines,  the  improvement  of  highways  and  waterways,  the 
increasing  application  of  steel  and  reinforced  concrete 
to  construction  work,  the  development  of  water  power 
and  irrigation  projects,  etc.,  have  created  a  distinct  necessity 
for  an  authoritative  work  of  general  reference  embodying  the 
results  and  methods  of  the  latest  engineering  achievement. 
The  Cyclopedia  of  Civil  Engineering  is  designed  to  fill  this 
acknowledged  need. 

^  The  aim  of  the  publishers  has  been  to  create  a  work  which, 
while  adequate  to  meet  all  demands  of  the  technically  trained 
expert,  will  appeal  equally  to  the  self-taught  practical  man, 
who,  as  a  result  of  the  unavoidable  conditions  of  his  environ- 
ment, may  be  denied  the  advantages  of  training  at  a  resident 
technical  school.  The  Cyclopedia  covers  not  only  the  funda- 
mentals that  underlie  all  civil  engineering,  but  their  application 
to  all  types  of  engineering  problems;  and,  by  placing  the  reader 
in  direct  contact  with  the  experience  of  teachers  fresh  from 
practical  work,  furnishes  him  that  adjustment  to  advanced 
modern  needs  and  conditions  which  is  a  necessity  even  to  the 
technical  graduate. 


Cl  The  Cyclopedia  of  Civil  Engineering  is  a  compilation  of 
representative  Instruction  Books  of  the  American  School  of  Cor- 
respondence, and  is  based  upon  the  method  which  this  school 
has  developed  and  effectively  used  for  many  years  in  teaching 
the  principles  and  practice  of  engineering  in  its  different 
branches.  The  success  attained  by  this  institution  as  a  factor 
in  the  machinery  of  modern  technical  education  is  in  itself  the 
best  possible  guarantee  for  the  present  work. 

CL  Therefore,  while  these  volumes  are  a  marked  innovation  in 
technical  literature  —  representing,  as  they  do,  the  best  ideas  and 
methods  of  a  large  number  of  different  authors,  each  an  ac- 
knowledged authority  in  his  work  —  they  are  by  no  means  an 
experiment,  but  are  in  fact  based  on  what  long  experience  has 
demonstrated  to  be  the  best  method  yet  devised  for  the  educa- 
tion of  the  busy  workingman.  They  have  been  prepared  only 
after  the  most  careful  study  of  modern  needs  as  developed 
under  conditions  of  actual  practice  at  engineering  headquarters 
and  in  the  field. 

C  Grateful  acknowledgment  is  due  the  corps  of  authors  and 
collaborators  —  engineers  of  wide  practical  experience,  and 
teachers  of  well-recognized  ability  —  without  whose  co-opera- 
tion this  work  would  have  been  impossible. 
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DEFINITIONS   AND   OUTLINE   OF   WORK. 

1.  Definition.  Topography  is  the  art  of  making  a  graphic 
representation,  (a)  of  the  outhnes  of  all  water  courses  and  bodies  of 
water,  (b)  of  all  forms  of  rehef  of  the  surface  of  the  ground,  and  (c) 
of  all  artificial  features  and  structures  built  by  man.  In  general  the 
art  consists  in  representing  all  these  features  in  such  a  way  that  they 
are  most  easily  intelligible  from  the  map;  while  economy  requires  that 
the  methods  employed  shall  be  such  as  to  make  a  map  which  shall 
give  all  the  necessary  information  with  a  minimum  of  work  in  sur- 
veying and  drafting. 

2.  Scale  of  Map.  (A  general  discussion.)  One  of  the  first 
things  to  be  decided  is  the  scale  of  map  to  be  used,  for  on  this  decision 
will  depend  the  character  of  the  work  which  is  to  be  done.  For 
example,  if  the  map  is  to  be  plotted  on  a  small  scale  it  will  be  useless 
to  do  the  surveying  work  with  a  closeness  of  detail  which  it  will  be 
impracticable  to  represent  on  such  a  small  scale.  The  scale  of  map 
must  depend  on  the  use  which  is  to  be  made  of  it,  as  will  be  discussed 
later.  On  the  one  hand  a  very  small  scale  will  mean  that  desired 
details  cannot  be  readily  shown  or  else  can  only  be  shown  by  the 
draftsman  using  the  most  extreme  care,  and  on  the  other  hand,  a 
large  scale  will  mean  that  if  the  surv'ey  covers  a  considerable  area  of 
ground  the  map  will  be  inconveniently  large.  In  brief,  the  true 
criterion  for  the  scale  of  the  map  is  that  it  should  be  drawTi  to  the 
smallest  scale  which  will  properly  represent  the  topographical  fea- 
tures which  must  be  accurately  shown  on  the  required  map. 

3.  Method  of  Field  Work.  (Determination  of  its  general 
character.)  The  choice  in  the  method  of  field  work  depends  on  the 
same  considerations  as  govern  the  required  scale  of  map.  On  the 
one  hand,  the  method  adopted  should  have  a  'practicable  accuracy 
sufficient  to  properly  represent  all  required  features.  The  practi- 
cable accuracy  of  any  given  method  is  only  known  to  those  who  have 
learned  by  actual  experience  the  uncertainties  involved  in  that 
method.     But  on  the  other  hand,  time  and  effort  should  not  be 
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sacrificed  in  plotting  minute  details  with  painstaking  accuracy  when 
it  is  known  by  experience  that  such  accurate  work  cannot  have  any 
practical  utilization.  When  an  engineer  is  making  an  ''exploratory" 
survey  through  a  comparatively  unknown  tract  of  country,  he  may 
he  content  with  determining  elevations  with  a  barometer,  the  direc- 
tions of  the  lines  with  a  hand  compass,  the  slope  of  lines  with  a  hand 
level  or  clinometer  and  distances  with  a  pedometer  (pace-measurer) 
or  odometer  (an  instrument  which  records  the  revolutions  of  a  wheel 
of  known  circumference,  which  is  rolled  over  the  route  traversed). 
These  crude  methods  have  the  merit  of  great  rapidity  and  cheapness 
and  can  be  made  with  sufficient  accuracy  to  determine  whether  that 
general  route  should  be  immediately  rejected  or  deserves  further 
consideration  an  1  a  more  accurate  survey.  The  above,  which  is 
called  a  reconnoissance,  applies  chiefly  to  railroad  work.  When  a 
topographical  survey  of  a  large  area  is  to  be  made  regardless  of  the 
method  of  utilization,  such  a  reconnoissance  survey  is  made  chiefly 
for  the  purpose  of  planning  the  detailed  work,  selecting  triangula- 
tion  stations  (if  the  triangulation  method  is  to  be  used)  and  deter- 
mining the  method  best  suited  for  the  results  to  be  accomplished. 
For  example,  military  surveys  are  frequently  made  on  horseback  or 
from  a  boat  passing  on  a  stream  or  lake.  The  three  elements  of  dis- 
tance, direction  and  elevation  are  determined  with  only  a  low  degree 
of  accuracy,  but  in  the  hands  of  trained  men  it  is  sufficient  for  the 
purpose  of  these  surveys.  To  pass  to  the  other  extreme,  geodetic 
surveys,  which  have  as  their  ultimate  object  the  determination  of 
the  form  of  the  earth,  employ  the  most  refined  methods  which  inge- 
nuity can  devise  to  eliminate  sources  of  inaccuracy  which  even  in 
ordinary  surveying  are  considered  negligible. 

4.  Plotting.  (The  general  method  to  be  adopted.)  This, 
similarly,  depends  on  the  method  of  field  work  and  the  scale  of  the 
map.  Small  scale  maps  are  used  to  represent  a  very  large  area  of 
country.  Usually  nothing  is  indicated  except  the  most  important 
features.  The  outlines  of  the  largest  bodies  of  water,  such  as  oceans, 
lakes  and  rivers  are  represented  as  closely  as  is  practicable.  Impor- 
tant cities  are  represented  by  arbitrary  signs  such  as  dots  and  small 
circles.  For  special  purposes  (such  as  for  railroad  maps)  the  rail- 
road is  represented  in  a  very  exaggerated  way.  But  on  the  other 
hand,  as  the  scale  of  the  map  grows  larger,  more  and  more  of  the 
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details  can  be  represented,  until  on  the  larger  scale  maps,  even  the 
nature  of  the  crops  in  individual  fields  will  be  represented  by  appro- 
priate topographical  signs.  When  the  relief  of  the  ground  is  to  be 
shown,  and  especially  if  it  is  of  importance  to  represent  it  with 
accuracy,  the  usual  method  is  to  show  it  by  contours.  Since  these 
lines  are  apt  to  be  mistaken  for  other  hues,  such  as  roads,  rivers, 
etc.,  the  device  of  employing  different  colors  for  the  various  topogra- 
phical signs  is  employed,  ^\^len  one  individual  map  is  to  be  made,  it 
is  practically  as  easy  to  use  the  various  colors  as  to  employ  the  single 
color  of  black,  and  it  is  therefore  usually  wise  to  employ  different 
colors  for  such  maps.  But  when  maps  are  to  be  printed  the  color 
method  w^ill  require  several  impressions  for  each  sheet,  which  is 
expensive.  This  feature  will  be  discussed  later.  If  it  were  practi- 
cable to  take  a  photograph  of  the  entire  area  of  country  to  be  surveyed 
from  a  balloon,  which  was  at  a  sufficient  height  above  the  ground  to 
be  surveyed,  it  would  give  what  might  be  considered  in  some  respects 
an  ideal  representation  of  the  area  to  be  sun^eyed.  But  such  a  pic- 
ture would  be  in  many  respects  useless.  Many  small  but  most 
important  features  would  be  almost  indistinguishable.  The  essence 
of  proper  plotting  consists  in  representing,  perhaps  in  an  exaggerated 
form,  those  features  which  it  is  especially  desired  to  show  on  the  map, 
and  omitting  other  details  which  are  of  no  practical  importance,  at 
least  for  the  particular  purpose  for  which  that  map  is  made.  The 
method  of  plotting  contours  also  permits  an  accurate  representation 
of  differences  of  elevation  w^hich  would  be  unobtainable  from  a  bal- 
loon picture. 

Since  the  final  result  of  a  topographic  survey  is  the  map  and 
since  the  method  of  surv^eying  to  be  used  depends  on  the  scale  of  the 
map  and  the  nature  of  the  physical  characteristics  which  are  to  be 
represented  on  the  map,  the  various  methods  of  mapping  will  be 
first  described. 

TOPOGRAPHIC   MAPPING, 

5.  Large  Scale  Maps.  Topographic  maps  are  frequently 
made  as  the  basis  on  which  to  design  constructive  work,  such  as 
buildings,  factories,  dams,  reservoirs,  sewerage  and  waterworks 
systems,  canals,  railroads,  etc.  Each  case  has  its  own  peculiar 
features  with  regard  to  the  topographical  details  w^hich  must  be 
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represented  and  the  accuracy  with  which  they  must  be  measured 
and  plotted,  but  a  scale  of  100  feet  per  inch  is  usually  large  enough, 
unless  the  details  are  to  be  given  with  great  precision  or  the  whole 
area  is  so  small  that  a  scale  of  50  or  even  10  feet  per  inch  will  not 
make  a  large  map.  At  a  scale  of  100  feet  per  inch,  every  building 
can  be  drawn  in  its  actual  form  and  dimensions  (to  the  nearest  foot), 
and  even  the  separate  rails  of  a  railroad  track  may  be  clearly  indicated. 
At  such  a  scale,  a  map  30  inches  square  (including  the  border)  will 
show  about  a  half-mile  each  way  or  a  quarter  of  a  square  mile  in 
area.  This  is  sufficient  for  many  purposes  and  the  scale  is  therefore 
largely  used.  There  are  but  few  natural  objects  (such  as  are  usually 
required  to  be  shown  on  maps)  which  cannot  be  shown  in  their 
natural  scale.  This,  however,  does  not  apply  to  the  .conventional 
signs  used  to  indicate  various  kinds  of  vegetation — when  it  is  required 
to  show  these.  An  accurate  photographic  view  of  these  things 
would  be  useless  as  well  as  impracticable,  and  a  conventional  sign 
fof  each,  which  is  frequently  a  suggestive  indication  of  each  on  an 
exaggerated  scale,  must  be  employed  even  on  the  largest  scale  maps. 
6.  Small  Scale  Maps.  Even  when  large  scale  maps  are 
separately  drawn  to  indicate  details  at  special  places,  there  is  a  great 
advantage  in  having  maps  on  a  scale  so  small  that  a  very  large  area 
may  be  shown  on  a  single  map  of  convenient  size.  On  such  maps, 
although  the  general  locations  of  buildings,  etc.,  are  desired,  their 
exact  shape  or  size  is  comparatively  of  no  importance.  The  United 
States  Geological  Survey  indicates  residences  even  on  maps  of  the 
scale  of  approximately  one  mile  to  the  inch  by  minute  squares  of 
solid  black.  They  are  but  little  over  yj  ^^  of  an  inch  square,  and, 
therefore,  would  indicate  (strictly)  a  square  building  a  little  over 
50  feet  square.  Even  a  far  greater  approximation  as  to  size  and  shape 
would  serve  the  purpose.  As  the  area  to  be  represented  grows 
larger  this  requirement  must  be  met  by  (a)  increasing  the  size  of 
the  map  until  it  approaches  the  limit  of  convenient  size  for  handling, 
(b)  by  making  sectional  maps,  which  for  some  uses  are  impracticable, 
or  (c)  by  decreasing  the  scale.  \Mien  the  scale  is  decreased  the  same 
data  TTiay  be  shown  by  plotting  the  work  finer.  This  has  been  car- 
ried to  an  extravagant  limit  by  the  United  States  Coast  and  Geodetic 
Survey,  whose  maps  are  exceedingly  expensive  to  prepare,  require 
the  finest  grade  of  draftsmen,  and  which  almost  require  a  microscope 
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to  determine  the  details.     Perhaps  the  most  practicable  method  of 
decreasing  the  scale  is  by  judiciously  eliminating  details  which  will 
have  little  or  no  value  for  the  immediate  purpose  for  which  the  map 
is  made,  or  by  modifying  the  conventional  signs  employee!  in  such  a 
way  that  they  will  convey  sufficient  information  without  sacrificing 
simplicity  and  clearness.     As  we  decrease  the  amount  of  matter 
placed  on  a  map^  we  increase  the  clearness  and  ease  of  distinguishing 
those  things  which  are  shown.     The  United  States  Coast  Survey 
maps,  being  made  for  general  use,  are  so  crowded  with  minute 
details  that  they  have  a  very  "flat"  appearance,  each  line  being 
necessarily  so  very  fine  that  it  requires  very  close  examination  to  use 
the  map,  and  this  renders  it  difficult  to  use  the  map  in  a  "broad" 
way,  with  the  eye  at  a  distance  from  it.     While  the  inexperienced 
engineer  should  be  very  cautious  to  avoid  the  omission  of  details 
which  might  prove  useful  or  essential  and  should  err  on  the  side  of 
surveying  and  recording  too  much  in  the  field,  yet  the  experienced 
engineer  will  save  time  in  the  field  and  improve  the  character  of  his 
map  by  omitting  details  which  his  experience  tells  him  will  certainly 
not  be  needed  in  the  work  for  which  the  map  is  to  be  used.     When 
an  engineer  is  making  a  map  for  a  special  purpose,  such  as  railroad 
work,  he  has  no  justification  in  crowding  the  map  with  details  which 
might  be  of  importance  in  some  other  kind  of  work,  but  which  will 
not  under  any  circumstances  be  of  importance  in  the  contemplated 
railroad  construction. 

7.  Contours.  A  contour  is  the  intersection  of  the  irregular 
surface  of  the  earth  by  a  level  surface.  The  student  should  note 
that,  although  a  level  surface  is  practically  a  plane  surface  when 
small  areas  are  considered,  yet  it  is  really  a  curved  surface,  being  the 
surface  that  the  ocean  would  assume  if  it  were  to  rise  to  the  assumed 
level.  The  simplest  method  of  appreciating  the  nature  and  location 
of  contours  is  to  consider  them  as  the  shore  lines  formed  by  the  ocean 
if  its  surface  were  to  be  raised  successively  to  the  different  levels 
assumed  for  each  contour.  The  various  levels  are  always  taken  at 
equal  vertical  intervals,  the  intervals  varying  with  the  scale  of  the 
map  and  the  character  of  the  country.  For  the  closest  of  detail  work 
on  a  larger  scale,  such  as  might  be  used  for  landscape  gardening,  a 
contour  interval  of  one  or  two  feet  might  be  necessary.  But  for  ordi- 
nary purposes  five  feet  or  more  is  used  as  the  contour  interval.     The 
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topography  required  for  preliminary  railroad  surveys  is  usually  done 
with  a  5-foot  contour  interval.     The  topographical  surveys  as  made 
by  the  United  States  Geological  Survey,  and  which  are  plotted  at  a 
scale  of  one  or  two  miles  per  inch  (approximately),  are  made  with  a 
contour  interval  varying  from  20  to  100  feet,  the  100-foot  interval 
being  necessary  where  steep  mountain  ranges  are  to  be  represented. 
There  are  certain  principles  regarding  contours  which  the  stu- 
dent must  keep  in  mind  and  by  which  he  may  avoid  errors  in  doing 
this  work.     Barring  a  few  exceptional  cases  which  will  be  mentioned 
later  the  following  principles  may  be  laid  down:  First,  a  contour  is 
always  a  continuous  line  inclosing  an  area;  second,  since  that  area 
may,  and  frequently  does,  run  off  the  map  the  contour  may  run  from 
one  edge  of  the  map  to  any  other  point  on  the  edge;  third,  a  contour 
line  is  always  a  continuous  line — it  never  stops  abruptly;  fourth,  con- 
tour lines  do  not  cross  each  other  or  merge  into  each  other.    The  ex- 
ceptions to  the  above  rules  occur  only  where  the  contours  run  into  an 
artificial  vertical  wall  or  a  precipice  which  is  actually  vertical.     In 
the  very  unusual  case  of  an  overhanging  cliff  the  contours  might 
actually  cross  each  other  very  slightly,  but  with  such  exceptions 
which   would   be   readily   recognized   when   they   occur,   the   above 
principles  may  be  considered  as  true,  and  when  the  principles  are 
violated  on  a  map,  it  may  be  considered  as  evidence  of  incorrect 
work.     Neatness  of  work  requires  that  the  contours  should  be  inked 
in  by  lines  of  uniform  color  and  width.     In  order  to  make  sure  that 
the  lines  are  of  uniform  width  they  should  be  inked  in  with  a  "ruling 
pen"  and  never  with  a  ''nib  pen."     If  the  inking  in  of  the  contours 
is  done  in  one  continuous  operation,  the  lines  will  probably  have  a 
more   uniform    color   and    thickness.     The   contour   elevations   are 
always  given  with  reference  to  some  datum  plane,  such  as  sea  level, 
and  the  elevations  are  always  a  multiple  of  the  contour  interval. 
For  example,  if  the  contour  interval  is  20  feet  and  the  datum  plane  is 
sea  level,  then  each  contour  elevation  will  be  a  multiple  of  twenty, 
even  though  the  whole  tract  is  far  above  sea  level.     The  contours 
might  be  at  elevations  GOO,  GSO,  700,  740,  etc.     Then  the  000,  700, 
S(X)-foot  contours  would  be  made  extra  heavy,  and  could  be  more 
readily  distinguished  even  in  steej)  places  where  the  contours  would 
be  wery  close  together. 
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The  contours  should  be  numbered  at  frequent  intervals,  so  that 
the  elevation  of  a  contour  at  any  point  may  be  determined  by  following 
it  for  a  very  short  distance  to  the  nearest  **  ladder"  of  numbers.  The 
student  is  referred  to  Plates  I,  II  and  III  for  illustrations  of  this  point 
as  well  as  many  others. 

Ilachurcs.     The  representation  of  the  relief  of  a  country  by 
hachures  has  been  almost  entirely  superseded  by  the  above  described 
method    of   contours.     Hachures    are    objectionable,  first,   because 
their  representation  with  even  a  pretence  of  accuracy  and  neatness 
is  exceedingly    laborious;    secondly,    because    at   their    very    best 
they  do  not  have  the   accuracy   of  contours;  and  thirdly,  the  map 
is  so  covered  by  them  that  other  desired  topographical  forms  are 
practically  crowded  out.     The  chief  use  of  such  a  method  is  to  give 
a  general  idea  of  the  character  of  the  country  when  the  sun^ey  has 
not  been  made  in  sufHcient  detail  to  render  possible  an  accurate 
representation  of  contours.  -  Under  such  conditions  there  is  usually 
such  a  lack  of  detail  on  the  map  that  the  hachures  will  not  crowd  out 
the  other  desired  topographical  features.     Incidentally  the  hachures 
when  well  done  will  make  a  very  "pretty"  map,  when  the  map  is 
really  lacking  in  topographical  detail.     Maps  of  explorator}*  surveys 
are  apt  to  have  this  character.     The  hachures  can  be  used  to  give 
a  very  approximate  representation  of  mountain  peaks,  gorges,  etc., 
whose  forms  are  determined  only  by  very  approximate  sketching 
when  the  observer  is  possibly  one  or  two  miles  away  from  them,  and 
absolutely  no  instrumental  work  is  resorted  to  in  determining  their 
elevation.     In  order  to  construct  hachures  with  an  approximation 
of  accuracy  it  is  desirable  to  sketch  in  contour  Hnes  with  a  pencil  at 
equal  vertical  intervals.     The  hachures  are  lines  which  are  assumed 
to  be  perpendicular  to  a  contour  line  at  every  point  of  their  length, 
or  in  other  words,  and  speaking  geometrically,  they  represent  in  each 
case  and  at  every  point  of  their  length  the  steepest  line  at  that  point 
of  the  surface.     On  this  principle  the  lines  should  be  perpendicular 
to  the  contour  lines  and  also  perpendicular  to  any  intermediate  con- 
tour which  might  be  interpolated  between  the  contours  which  are 
drawn.     This  means  that  the  hachures  should  be  in  general  more  or 
less  curv^ed.     (The  student  should  study  Fig.  1  while  reading  this 
explanation.)     The  steepness  of  the  slope  will  therefore  be  indicated 
by  the  length  of  the  separate  hachure  lines,  but  the  steepness  is  also 


8  PLOTTING   AND  TOPOGRAPHY 

indicated  still  more  graphically  by  increasing  the  thickness  of  the 
hachures  on  the  steeper  slopes.  In  other  words,  hachures  are  made 
shorter  and  wider  for  steep  slopes  and  longer  and  narrower  for 
flatter  slopes.  The  method  of  hachuring  has  been  developed  so  as 
to  attempt  to  indicate  the  degree  of  slope  by  a  systematic  variation 
of  the  distance  between  the  lines,  but  this  method  is  exceedingly 
laborious  and  very  inaccurate  unless  an  amount  of  time  is  spent  on 
it,  which  is  very  wasteful  and  impracticable.  The  general  principle 
in  hachure  representation  is  that  the  darker  the  shading  the  steeper 
is  the  slope,  and  that  any  considerable  space  in  white  means  a  sur- 
face which  is  practically  level.  In  Plate  IV  is  shown  a  representa- 
tion of  the  hachure  method  as  employed  on  a  large  scale  by  the 
United  States  Coast  Survey.     The  student  may  at  once  observe  the 

exceedingly  laborious  char- 

•';.'.'-'--'--. "r/y^^'-^  acter  of  the  work  and  the 

-''?>^//i  -''->-.       — -v'\^^^^^     fact  that  the  hachures  cover 

y''';^-::;y^'^}^^  up  a  space  which  might' 

/_lr-- .I(^-•>P'"^-7--^^^'\\\V^^^^^  otherwise  be  utilized  in  the 

\-  ''\_  .-'^y  "T"^"-'  '''[VV\  ( w^  representation  of  other  top- 

'♦'--:      .---'---—'  .]  \  \.\. -'  ©graphical  features.    Hach- 

Fig.  1.    Hachures  (Dotted  Lines  Indicate  Pencil       "^^^  \l^\Q  the  advantage  of 
Construction  L^es  which  are  Eventually  ^^^^ing  attention  to  the  Steep- 

ness of  slopes,  which  may  be 
of  extreme  importance  on  military  maps  where  accuracy  is  by  no 
means  essential,  but  on  which  the  fact  of  a  steep  slope,  even  if  it 
is  no  more  than  a  bank  of  earth,  is  of  importance.  Hachures  may 
thus  be  used  to  represent  an  artificial  or  natural  embankment  when 
there  is  no  other  representation  on  the  map  showing  any  relief  fea- 
tures of  the  ground. 

Plate  V  illustrates  the  Coast  Survey  method  of  representing 
relief  by  means  of  contours  and  yet  employ  but  one  color.  A  com- 
parison of  Plate  V  with  Plate  III  shows  at  once  the  great  value  of 
using  three  colors  to  represent  the  various  topographical  features. 
It  also  shows  the  practical  difficulty  even  by  the  competent  draftsmen 
employed  by  the  Coast  Survey  to  make  such  a  completed  map  in  but 
one  color.  Although  the  contours  are  undoubtedly  more  accurate 
and  will  give  a  close  approximation  of  the  elevation  of  any  desired 
point,  yet  the  hachured  map  of  Plate  IV  is  actually  the  more  pleasing. 
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8.  Determination  of  Contours.  The  method  of  determina- 
tion of  contours  depends  on  the  scale  of  the  map  and  of  the  accuracy 
with  which  the  work  must  be  done.  Several  methods  are  here  des- 
cribed which  vary  in  accuracy,  in  the  instruments  employed  and  in 
the  labor  required  for  doing  the  work. 

"Gridiron''  method.  This 
simple  method  consists  in  estab- 
lishing a  "gridiron"  of  squares 
or  rectangles  over  the  desired 
area  and  determining  the  eleva- 
tion of  each  intersection  point. 
The  great  advantage  of  this  meth- 
od is  its  simpHcity.  The  disad- 
vantages are  that  neither  the  con- 
tours nor  the  saHent  points  will 
in  general  agree  with  the  points  determined, 
observed  needlessly  while  other  essential  points  located  within  the 
rectangles  are  only  determined  by  approximation  from  adjacent 
points.  The  work  may  be  done  approximately  with  hand  level, 
rod  and  tape,  but  a  transit  and  wye-level  are  also  used  with  this 
method. 


Fig.  2.    Contours— Gridiron  Method. 


^lany  points  are 


3.    Contours— Cross-Section  Method. 


"  Cross-section  "  method.  A  broken  line,  consisting  of  straight  lines 
between  instrument  stations  is  run  with  a  transit  or  other  angle 
measurer  and  a  tape.  At  certain  intervals,  .usually  100  feet,  cross 
lines  are  run  at  right  angles  to  the  traverse  lines.  See  Fig.  3.  The 
elevation  of  the  100-foot  sub-stations  are  all  determined,  and  from 
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them  the  elevation  and  position  of  points  on  the  offset  lines  become 
known.  Usually  the  intersection  of  the  offset  lines  with  the  various 
contours  is  determined.  The  method  of  doing  this  is  illustrated  in 
Figs.  4  and  5.  Knowing  the  elevation  of  the  sub-stations,  a  point 
on  the  offset  line  is  readily  found  by  trial  w^hich  is  at  the  required 
contour  elevation.     The  location  of  points  with  vertical  intervals  of 

5  feet  is  then  very  simple,  as 
To 
7.7  'io 

P 

P 
ID 


Fig.  4.     Locating  Coutpurs. 


shown  in  the  figure.  The  con- 
tours are  thus  determined  di- 
rectly. The  above  methods 
are  only  used  when  the  areas 
are  comparatively  small  (but 
perhaps  of  indefinite  length, 
as  in  railroad  work),  or  when 
the  contour  interval  is  small  and  close  results  are  essential. 

''Stadia"  method.  This  method  has  a  skeleton  Hke  the  traverse 
method,  but  even  the  distances  between  stations  and  their  elevations 
are  obtained  by  the  stadia  system.  No  100-foot  sub-stations  are 
located.  From  each  station  point,  "shots"  are  taken  to  all  desired 
points,  not  only  for  the  sake  of  establishing  contours  but  also  to  locate 
all  desired  topographical  features.  Incidentally  the  elevations  of 
these  points,  which  w^ould  be  determined,  will  assist  in  determining 
the  contours  more  closely.  It  is  generally  found  in  practice  that  when 
all  desired  details  have  been  lo- 
cated in  position  and  elevation, 
the  contours  are  determined  with 
but  few,  if  any,  additions  of 
points  which  are  located  solely 
for  contour  purposes.  The  math- 
ematical theory  of  the  stadia  has 
already  been  given  in  Plane  Sur- 
veying, and  therefore  will  not  be 
repeated  here.  Only  practice  will 
teach  the  engineer  how  to  locate  the  stadia  points  so  as  to  obtain  all 
the  necessary  information  and  also  to  obtain  the  most  information 
with  the  least  surveying. 

9.     Plotting  the  Contours.     As   before   stated,  the  points  are 
supposed  to  be  so  located  that  straight  lines  joining  any  two  adjacent 


Fig.  5.    Contours— in  Note  Book. 
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points  will  lie  approximately  in  the  surface  of  the  ground.  On  this 
assumption  the  location  of  any  contour  which  comes  l>etween  two 
located  points  is  a  mere  matter  of  dividing  the  horizontal  distance 
between  the  points  into  parts  which  are  proportional  to  the  differences 
of  elevation  of  the  given  points  and  the  contour.  For  example,  the 
elevation  of  one  point  is  162.0  and  of  another  107.8.     The  165-foot 

contour  will  evidently  lie  between  them  and  at     '  '  ==  Fq  of  the 

10/. o      lO^.U         O.o 

horizontal  distance  between  them  from  the  lower  point.  This  is  the 
theoretically  exact  solution.  But  since  it  depends  on  an  approxima- 
tion the  experienced  draftsman  can  make  a  rapid  mental  solution 
of  the  proportion  which  will  be  as  accurate  as  the  data  justifies.  If 
there  are  two  or  more  inter- 
mediate contours  the  same  \Q7.Q 
general  method  may  be  ap- 
plied for  each,  but  the  sim- 
plest method  will  be  to 
locate  first  the  contours  im- 
mediately adjacent  to  each 
point  and  then  interpolate 
any  intermediate  contours. 
After  determining  where 
each  contour  will  cross  the 
line  joining  each  pair  of  sur- 
veyed points  the  contours  may  be  drawn  in  by  connecting  the  cor- 
responding intersections.  Practical  modifications,  of  this  theoretical 
method  will  be  made  by  the  topographer  or  draftsman  to  allow  for 
minute  variations  in  the  contours  which  may  be  sketched  in  with  suf- 
ficient accuracy  since  the  area  between  determined  points  will  always 
be  small. 

Practice  among  topographers  varies  very  greatly  in  the  details 
of  obtaining  contours,  varying  from  the  one  extreme  of  making  the 
method  as  purely  mechanical  as  possible  (which  implies  excessive 
work  if  it  is  at  all  accurate)  to  the  other  extreme  in  which  instru- 
ments are  only  used  to  obtain  a  few  points  of  control  and  then  to  fill 
in  the  intermediate  spaces  by  sketching.  ^Nlen  of  long  experience 
will  tlo  marvellously  close  work  with  very  few  and  very  simple  instru- 
ments, but  the  inexperienced  man  will  do  more  reliable  work  by  obtain- 
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ing  with  close  instrumental  accuracy  all  of  the  important  points  and 
contour  points  with  close  frequency,  only  depending  on  sketching 
to  fill  in  very  small  areas  in  which  inaccuracies  would  be  unable  to 
accumulate. 

ID.  Telemetry.  This  name  is  applied  to  the  various  methods 
of  measuring  distances  without  the  direct  use  of  a  tape  or  chain. 
No  space  will  here  be  given  to  a  description  of  the  many  ingenious 
but  essentially  impracticable  special  instruments  which  have  been 
devised  for  this  purpose.  In  general  they  are  incapable,  for  prac- 
tical reasons,  of  giving  accurate  results,  or  else  they  are  expensive  to 
construct,  heavy  to  carry,  comparatively  useless  for  other  purposes, 
and  therefore  not  generally  adopted.  The  three  methods  hereinafter 
described  have  the  advantages  that  they  are  merely  attachments  to 
an  engineer's  transit  and  that  the  additions  to  the  weight  and  cost  of 
the  instrument  are  comparatively  insignificant. 

II.  Vertical  Arc  Method.  From  one  standpoint,  this  method 
hardly  deserves  to  be  classed  as  a  regular  method.  Its  disadvantages 
are  so  great  that  no  one  should  depend  on  it  as  a  standard  method, 

but  it  is  frequently  useful  when 

T-^— -— -r~~_~~ 1        no    other  method   is  available. 

^L>.;...^^^>^^^^'.  '  ...ilT-'JU      The   essential  principle  is  that 

Fig.  7.   Vertical  Arc  Method.  of  the  solution  of  a  triangle,  of 

which  one  side  and  two  angles 
are  known.  The  rod  is  supposed  to  be  held  vertically.  In  the 
special  and  most  simple  case  shown  in  Fig.  7,  a  rod  reading  is 
taken  with  the  line  of  sight  level.  Then  a  rod  reading  is  taken  with 
the  line  of  sight  inclined  at  some  measured  angle.  In  the  right- 
angle  triangle  thus  formed  the  horizontal  distance  equals  the  rod 
reading  divided  by  the  tangent  of  the  vertical  angle.  But  in  general 
the  rod  will  be  at  some  elevation  with  respect  to  the  transit  so  that 
neither  line  of  sight  is  level.  In  Fig.  8  the  angles  a  and  h  are  both 
measured.  The  angle  c  =  90°  —  a.  Then  in  the  triangle/  J  H  two 
angles  and  a  side  are  known  and  the  two  other  sides  may  be  com- 
puted, and  from  them  and  the  vertical  angles  the  true  horizontal  dis- 
tance and  the  difference  of  elevation  may  be  computed.  The  one 
advantage  of  this  method  is  that  it  can  be  used  with  any  transit, 
which  is  provided  with  a  vertical  arc.  The  disadvantages  are  many; 
(a)  two  vertical  angles  must  be  measured  and  recorded  for  each  point 
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Fig.  8.    Vertical  Arc  Method— Sloping 
Ground. 


observed;  this  adds  to  the  field  work;  (b)  an  oblique  triangle  and  then 
a  right  triangle  (or  two  right  angle  triangles,  as  illustrated)  must  be 
solved  for  each  point  observed;  this  makes  the  office  work  very  labor- 
ious, and  it  is  impracticable  as  a  regular  method,  in  spite  of  the  fact 
that  it  may  be  systematized  by  tabulating  the  results  for  even  values 
of  the  vertical  angle,  the  most  convenient  even  values  being  used  and 
the  corresponding  rod  readings 
observed;  (c)  the  practical  ac- 
curacy obtainable  is  vitiated  by 
the  fact  that  the  transit  is  han- 
dled and  the  telescope  is  moved 
in  the  interval  of  taking  the  two 
readings;  if  the  base  of  the  in- 
strument were  mathematically 
immovable  during  the  complete 
operation  (as  it  is  assumed  to  be) 

there  would  be  no  trouble,  but  it  is  practically  known  that  a  micro- 
scopically minute  jarring  may  take  place  which  may  be  enough  to 
vitiate  the  accuracy  of  the  work  done;  (d)  at  a  distance  of  500  feet, 
and  a  rod  reading  intercept  of  5  feet,  the  vertical  angle  would  be 
0°  34'  (to  the  nearest  minute) ;  the  vertical  arcs  of  most  transits  will 
not  read  closer  than  minutes  and  many  of  them  are  not  dependable 
even  for  that ;  in  the  above  case,  an  uncertaint}'  of  one-half  minute  in  the 
vertical  angle  would  mean  an  uncertainty  of  over  seven  feet  in  the  dis- 
tance, which  demonstrates  the  practical  limit  of  accuracy  of  the  method. 

Example.     In  Fig.  8  let  the  angle  a  =  5°  30',  the  rod  reading 
being  1.72,  and  the  angle  &  —  4°  50',  the  rod  reading  being  6.45. 

From  the  figure  we  may  write 

KJ  KJ-^JH 

tan  4°  50' "~    tan  5°  30' 
.-.  K  J  tan  5°  30'  =  /^  J  tan  4°  50'  +  J  i:^^  tan  4°  50' 
K  J  (tan  5°  30'  -  tan  4°  50')  =J  H  ta,n  4°  50' 
J  H  tan  4°  50' 


KJ 


.'.I  K  = 


(tan  5°  30' -tan  4°  50') 
KJ  6.45-1.72 


J  H  =  6.45  -  1.72 


4.73 


=  403  feet 


tan  4°  50'      (tan  5°  30'  -  tan  4°  50')       .01 173 
A^  J  -=  403  X  tan  4°  50'  ■-=  34.08.    KG  =  34.08  +  6.45  =  40.53. 
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If  the  height  of  the  instrument,  I  L,  ~  4.90,  then  the  (Hfference 
of  elevation  of  L  and  G  is  40.53  -  4.90  =  35.03.  As  an  illustration  of 
the  probable  inaccuracy  of  this  method,  a  variation  of  one-half 
minute  in  the  value  of  either  of  the  vertical  angles  will  make  a  differ- 
ence of  over  five  feet  in  the  computed  value  of  I  K. 

12.  Gradienter  Method.  The  instruments  for  gradienter 
work  are  shown  in  Figs.  70,  71  and  75,  in  Part  II.  of  Plane  Surveying. 
'Die  fundamental  principle  and  use  of  the  gradienter  is  described  in 
the  first  part  of  Part  III  of  Plane  Surveying,  and  it  therefore  wull  not 
be  repeated  here.  The  method  of  using  the  gradienter  to  obtain 
distances  and  differences  of  elevation  when  the  line  of  sight  is  inclined, 
are  also  given,  and  it  is  shown  that  the  reduction  equations  are  exactly 
the  same  as  those  required  for  stadia  work.  The  practical  difference 
between  gradienter  and  stadia  work,  therefore,  lies  in  the  relative 
rapidity  of  the  mechanical  work  and  in  the  relative  accuracy  obtain- 
able. It  should  be  noted  that  the  gradienter  requires  two  settings 
of  the  horizontal  cross-wire  on  the»  rod.  This  is  sometimes  done  by 
setting  the  screw  of  the  gradienter  at  certain  even  divisions,  so  that 
it  is  turned,  say  2,  3  or  4  whole  revolutions  between  the  two  sights 
and  then  reading  the  rod  at  whatever  reading  there  may  happen  to  be; 
or  the  two  readings  on  the  rod  are  taken  at  even-foot  divisions  on 
which  the  cross-wire  is  more  easily  set,  and  then  the  screw  readings 
are  read  at  whatever  point  they  may  happen  to  be.  The  latter 
method  is  probably  the  more  accurate  and  rapid,  especially  if  two 
targets  placed  on  a  level  rod  have  been  used  to  sight  at.  For  all 
inclined  sights  the  vertical  angle  must  also  be  read.  The  time  re- 
fjuired  is  greater  than  that  for  stadia  work,  but  the  worst  feature  of 
the  gradienter  method  is  the  limitation  of  practical  accuracy.  The 
theory  presupposes  that  the  base  of  the  instrument  is  absolutely  rigid 
during  the  complete  operation  of  taking  the  upper  and  lower  readings, 
but  the  telescope  must  be  moved,  the  instrument  must  be  touched, 
and  the  gradienter  screw  turned  between  the  taking  of  the  two  read- 
ings. The  mere  fact  of  touching  it  and  the  interval  of  time  required 
l)etween  the  two  readings  is  often  sufficient  to  cause  a  motion  of  the 
instrument,  which,  although  microscopically  minute,  will  be  sufficient 
to  vitiate  the  accuracy  of  the  work  done,  and  unfortunately  there  is 
no  practical  means  of  detecting  whether  any  such  inaccuracy  has 
actuallv  occurred.     In  stadia  work  no  motion  of  the  instrument  is 
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made  between  taking  the  upper  and  lower  readings.  The  instru- 
ment may  (and  shoidd)  be  absohitely  untouched.  The  eye  can 
examine  the  reading  for  both  upper  and  lower  wire  repeatedly  to  see 
whether  any  motion  has  occurred  in  the  very  short  interval  of  reading 
the  separate  wires.  In  the  case  of  the  gradienter,  the  motion  may  or 
may  not  take  place.  Even  if  no  inaccuracy  were  caused  in  this  way, 
even  once  in  a  hundred  times,  there  is  always  the  imcertainty  and 
impossibility  of  detecting  such  an  error  unless  the  readings  are 
repeated,  which,  of  course,  would  be  a  great  waste  of  time.  The 
method  of  reduction  of  statlia  observ^ations  by  means  of  tables,  dia- 
grams, or  logarithmic  slide  rule,  which  is  elaborated  further  on,  may 
be  applied  equally  well  to  the  reduction  of  gradienter  observations. 

The  disadvantages  of  the  gradienter  may  be  summed  up  as  fol- 
lows: (a)  The  screw  thread  wears  rapidly  until  it  becomes  inaccurate; 
(b)  it  requires  considerable  time  to  take  each  observation  as  it  should 
be  taken;  (c)  the  possible  jarring  of  the  instrument  while  any  one  set 
of  observations  are  being  taken  makes  the  results  uncertain  if  not 
actually  inaccurate.  The  chief  advantage  lies  in  the  facility  with 
which  lines  of  any  desired  grade  may  be  run.  After  being  properly 
levelled,  the  number  of  turns  and  fraction  of  a  turn  indicates  immedi- 
ately the  grade  of  the  line  of  collimation  of  the  telescope  in  fer  cent. 

i3.  Stadia  Method.  The  theory  of  the  stadia  has  already  been 
given  in  Plane  Surveying  (pp.  120-125),  and  therefore,  will  not  be 
repeated  here.  The  methods  of  making  and  recording  the  field 
observations  were  also  elaborated.  The  w^ork  of  "reducing"  the 
observations  is,  however,  very  laborious,  unless  it  is  facilitated  by 
some  of  the  methods  hereafter  described.  In  general  every  obser\'a- 
tion  is  made  at  some  angle  above  or  below  the  horizontal.  Theoreti- 
cally this  reduces  the  nominal  horizontal  distance  somewhat  and 
requires  a  computation  for  the  difference  of  elevation.  Practically, 
the  correction  for  the  horizontal  distance  is  too  small  for  notice  when 
the  vertical  angle  is  very  small,  but  even  the  limitations  of  that  cor- 
rection must  be  known  by  computation.  Restating  the  equations 
given  on  page  125  of  Plane  Surveying  we  have 

Hor.  Dist.  C  N  =-  Is'  cos"  7  +  (/  +  c)  cos  7,        and 
Diff .  Elev.  B  N  =  i  i-s'  sin  27  +  (/  +  c)  sin  7. 
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In  these  equations  s'  is  the  rod  intercept,  /  the  focal  length,  i  the 
distance  between  the  stadia  wires  in  the  telescope  and  /  the  angle  of 

inclination  of  the  line  of  sight.     '-  is  usually  made  100. 

14.  Numerical  Accuracy  Obtainable  in  Stadia  Measure- 
ments. Of  course,  a  vertical  arc  is  an  essential  feature  of  a  transit 
used  for  stadia  work,  but  the  accuracy  of  the  vertical  angles  depends 
on  the  accuracy  with  which  the  whole  instrument  is  levelled.  The 
plate  bubbles  of  an  ordinary  engineer's  transit,  while  amply  accurate 
for  their  primary  use  of  making  the  plates  so  nearly  horizontal  that 
the  accuracy  of  horizontal  angles  is  not  vitiated,  seldom  have  a  suffi- 
cient accuracy  to  obtain  vertical  angles  as  close  as  the  nearest  minute 
of  arc,  and  frequently  their  accuracy  is  far  less  than  this.  One  method 
of  obviating  this  inaccuracy  is  to  determine  by  repeated  reversions  of 
the  instrument,  while  it  is  being  set  up,  that  the  horizontal  plate  is 
truly  horizontal,  or  in  other  w^ords,  that  the  vertical  axis  is  truly  ver- 
tical, thus  eliminating  any  error  of  adjustment  of  the  plate  bubbles. 
But  even  this  method,  unless  repeated  every  few  minutes  at  a  costly 
sacrifice  of  time,  will  not  prevent  inaccuracies  due  to  the  settling 
of  the  instrument;  nor  will  it  at  its  best  render  possible  any  close 
accuracy  of  the  vertical  angles,  since  the  bubbles  are  not  sufficiently 
sensitive.  A  transit  for  stadia  work  usually  has  a  large  bubble 
underneath  the  telescope,  which  is  much  more  sensitive,  and  on 
which  a  movement  of  30''  of  arc  will  correspond  to  about  one  division. 
Even  if  this  bubble  is  in  perfect  adjustment,  it  will  be  necessary 
to  make  a  test  every  few  moments  by  clamping  the  telescope  at 
exact  horizontality  and  noting  whether  the  vernier  of  the  vertical  arc 
reads  zero  or  reads  the  amount  of  its  "index  error."  When  it  does 
not  do  so,  it  indicates  that  the  instrument  has  settled  somewhat  in 
the  ground  and  has  thereby  become  thrown  out  of  level  to  some  extent. 
A  far  better  method  is  to  have  the  vernier  of  the  vertical  arc  readily 
adjustable  and  with  a  sufficiently  sensitive  bubble  attached  to  it. 
WTien  this  bubble  has  been  properly  adjusted,  any  slight  motion  of 
the  instrument  due  to  settlement  can  be  readily  neutralized  by  an 
adjustment  of  the  vernier  arc,  which  will  then  give  each  vertical  angle 
correctly.  But  it  should  be  noted  that  since  vertical  angles  are  only 
read  to  single  minutes,  the  sights  should  not  be  made  excessively  long 
except  when  they  are  taken  merely  for  somewhat  approximate  pur- 
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Photographed  from  the  orisrinal  plane-table  sheet  on  which  results  of  survey  were  recorded  in  the  fleld- 
For  later  stages  in  the  completion  of  this  chart,  see  pages  42  and  58. 
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poses  in  which  a  considerable  inaccuracy  would  be  tolerable.  For 
example,  at  a  distance  of  1000  feet  a  difference  in  vertical  angles  of 
0°  1/  will  equal  .29  of  a  foot  or  3^  inches.  Such  a  stadia  shot  would 
be  justifiable  at  that  distance  to  obtain  a  "contour  point,"  but  unless 
the  whole  work  was  approximate,  a  stadia  station  should  not  be 
located  with  such  inaccuracy.  On  the  other  hand,  for  short  distances 
the  stadia  method  gives  results  which  are  amply  accurate  for  its  pur- 
pose. It  is  not,  of  course,  supposed  that  the  method  would  be  used 
to  replace  wye  leveling.  But  when,  as  is  usually  the  case,  the  stadia 
method  is  used  for  preliminary  surveys  or  else  to  fill  in  the  topography 
between  the  points  whose  relative  positions  and  elevations  have 
already  been  determined  by  triangulation  and  by  leveling,  then  errors 
have  no  chance  to  accumulate  and  the  method  has  the  combined 
advantages  of  great  rapidity,  cheapness  and  sufficient  accuracy  for 
the  purpose.  One  great  bar  to  its  use  has  been  a  lack  of  knowledge 
regarding  the  principles  involved  or  a  lack  of  knowledge  of  the  fact 
that  the  reductions  can  be  so  readily  made  by  means  of  slide  rules. 
Much  of  the  work  now  being  done  is  "reduced"  by  the  use  of  tables 
and  numerical  multiplications,  which  are  certainly  very  slow  and 
laborious  and  which  would  almost  condemn  the  method  for  practical 
use  if  they  could  not  be  avoided.  In  making  the  above  reductions,  the 
student  can  solve  them  by  the  use  of  trigonometrical  tables,  although 
that  is  the  most  laborious  method.  A  set  of  stadia  tables  (see  Table  I) 
is  given  with  this  course  of  instruction,  and  the  student  should  solve 
the  problems  given  later  on,  using  these  tables;  if  in  addition  he  can 
secure  the  use  of  a  stadia  slide  rule,  he  can  determine  for  himself  the 
economy  of  time  obtainable.  Of  course  the  student  must  expect 
that  it  will  be  a  little  difficult  at  first  to  use  any  stadia  slide  rule  until 
he  becomes  accustomed  to  its  manipulation,  but  a  short  experience 
with  it  will  convince  him  that  it  will  pay  for  itself  in  a  very  few  days. 
If  possible,  the  student  should  solve  the  problems  (as  well  as  others 
which  he  can  himself  make  up)  by  all  of  the  three  methods  referred  to, 
and  thus  determine  for  himself  the  relative  facility  of  doing  the  work. 
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OFFICE   WORK. 
15.     Reduction  of  Observations.      The    ordinary    numerical 
trigonometrical  reduction  of  each  observation  by  the  equations  of  §  13 
is  so  laborious  that  such  a  practice  would  render  the  method  impracti- 
cable; (/  +  c)  is  usually  about  12  to  15  inches;  cos  I  is  always  less 
than  unity,  but  for  ordinary  small  angles  is  but  little  less  than  one; 
therefore  (/  +  c)  cos  /  is  always  very  nearly  one  foot.     Considering 
that  one  foot  is  the  smallest  unit  of  measurement  which  it  is  practi- 
cable to  use  in  observing  stadia  distances,  the  practical  accuracy  is 
not  vitiated  by  considering  that  term  invariably  as  one  foot.     When 
the  angle  I  is  about  5°  45',  cos^  I  =.99  and  the  horizontal  distance 
would  be  1  per  cent  less  than  its  nominal  value  of  100  s\  or  100  times 
the  rod  reading.     At  one-half  this  angle  (2°  52')  the  correction  would 
be  about  }  of  1  per  cent.     This  gives  an  indication  of  when  the  cor- 
rection will  be  large  enough  to  deserve  accurate  computation.     It 
may  be  also  observed  that  for  small  angles  sin  /  is  nearly  equal  to 
J  sin  2  7;  for  10°  the  discrepancy  is  about  J  of  1  per  cent;  therefore 
we  may  say  approximately  that  the  difference  of  elevation  B  N= 
(100  5'+  1)  (i  sin  2  7).     For  angles  of  less  than  10°,  such  as  would 
usually  be  the  case  between  stadia  stations  when  the  levels  are  particu- 
larly important,  the  error  is  a  very  small  fraction  of  an  inch  and  unob- 
servable  with  the  instrument.     Even  with  a  vertical  angle  of  30°,  the 
error  of  the  approximation  would  be  less  than  0.1  foot,  which  is  the 
lowest  unit  for  contour  levels.     We  may  therefore  deduce  the  follow- 
ing practical  method  in  which  all  approximations  are  within  the 
lowest  units  of  measurements.     For  small  vertical  angles,  the  hori- 
zontal distance  equals  100  times  the  rod  reading  plus  one  foot.     For 
larger  vertical  angles  multiply  100  times  the  rod  reading  by  the  square 
of  the  cosine  of  the  angle  of  inclination  and  add  one  foot.     The  prac- 
tical method  of  doing  this  will  be  given  later.     For  the  difference  of 
elevation,  add  one  foot  to  100  times  the  rod  reading  and  multiply 
this  by  one-half  the  sine  of  twice  the  angle.     There  are  three  shortened 
methods    of    accomplishing    these    trigonometrical    multiplications; 
(a)  tables,  (h)  diagrams,  and  (c)  slide  rides. 

The  first  is  by  means  of  tables  which  shorten  the  operation  to 
the  extent  of  giving  directly  cos"^  I  and  i  sin  2  I  for  all  desired  values 
of  7,  but  this  involves  two  numerical  multiplications  which  are  tedious. 
See  Table  I. 
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The  second  method  is  by  means  of  a  large  chart  or  diagram. 
There  are  many  forms  of  these,  but  they  are  usually  essentially  as 
follows:  there  are  two  sets  of  ordinates,  one  representing  distance 
(the  nominal  rod  reading  times  100)  and  the  other  the  desired  quantity. 
Lines  are  drawn  from  the  origin  for  each  desired  angle  so  that  the 
intersection  of  any  angle  lines  with  any  distance  ordinate  will  give 
an  ordinate  of  the  other  system  which  will  give  the  desired  quantity. 
The  practical  difficulty  lies  in  the  fact  that  if  made  conveniently 
small,  the  scale  is  so  small  that  the  results  are  inaccurate.  When 
they  are  sufficiently  enlarged  they  are  clumsy  to  handle.  The  larger 
sizes  should  be  used  and  they  are  capable  of  good  work. 

The  third  method  is  by  means  of  slide  rules.  These  are  but  an 
adaptation  of  the  ordinary  slide  rule  since  the  process  is  merely  one 
of  multiplication.  One  scale  is  marked  with  degree  and  minute 
marks  at  the  proper  places  for  the  numerical  values  of  those  trigono- 
metrical functions.  By  setting  the  zero  of  the  angle  scale  at  the 
given  distance  (100  times  the  rod  reading)  on  the  other  scale  and  then 
noting  the  mark  for  the  observed  vertical  angle,  it  will  be  found 
opposite  the  required  difference  of  elevation.  The  true  horizontal 
distance  may  be  most  easily  found  by  modifying  the  above  formula 
so  as  to  compute  the  correction  to  the  horizontal.  Cos"  =  1  -  sin". 
Therefore  by  multiplying  100  times  the  rod  reading  by  sin^  /,  we 
obtain  a  correction,  which  is  seldom  more  than  5  or  10  feet,  which  is 
subtracted  from  the  nominal  distance.  In  the  practical  use  of  the 
scale  it  will  be  found  that  this  quantity  may  be  more  readily  read  off 
from  the  scale  than  the  true  horizontal  distance,  and  as  it  is  only  a 
few  feet  the  subtraction  is  readily  made  mentally  while  it  is  being 
recorded.  Colby ^s  slide  rule  only  gives  the  difference  of  elevation. 
The  K.  &  E.  stadia  slide  rules  are  engine-divided  on  white  facings 
and  give  both  the  difference  of  elevation  and  true  horizontal  distance 
with  one  setting  of  the  rule,  but  the  length  of  the  logarithmic  unit  is 
very  short,  which  makes  it  correspondingly  difficult  to  obtain  close 
values.  The  Webb  stadia  slide  rule  has  a  logarithmic  unit  12.5 
inches  long,  which  was  made  possible  by  the  use  of  the  cylindrical 
principle,  and  this  enables  the  values  to  be  easily  read  with  as  close 
accuracy  as  stadia  work  will  justify.  The  horizontal  distance  is  obtained 
by  computing  the  correction  to  the  horizontal  from  the  sin'  function. 
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16.  Numerical  Examples.  1.  The  rod  reading  for  a  stadia 
shot  was  3.74  and  the  vertical  angle  was  +  6°  22'.  What  is  the  true 
horizontal  distance  and  the  difference  of  elevation  ?  The  horizontal 
distance  would  be,  according  to  the  approximate  rule,  100  s^  cos^  /. 
Cos  6°  22'  -=  .9938.  Squaring  this  number  we  have  .98765,  which, 
multiplied  by  374  =  369.4.  Adding  1  foot  we  have  370.4.  The 
only  approximation  in  the  above  is  on  the  assumption  that  (/  -f-  c) 
cos  7=1  foot,  but  as  before  stated,  the  error  of  the  approximation 
is  so  small  that  it  may  be  disregarded.  In  fact,  the  tenths  in  the  dis- 
tance given  above  should  also  be  disregarded,  since  the  rod  reading 
is  taken  only  to  the  nearest  hundredth  of  a  foot,  which  corresponds 
to  an  even  foot  in  horizontal  distance.  The  difference  of  elevation 
is  evidently  equal  to  i  X  100  X  3.74  X  sin  (2  X  6°  22')  +  (/  +  c) 
sin  6°  22'.  This  reduces  to  41.22  +  0.11  =  41.33.  Since  sin 
6°  22'  =  .1109  while  i  sin  12°  44'  ==  .1102,  the  approximation 
referred  to  above  only  equals  .0007  (f  +  c)  which  equals  in  this  case 
.0084  inches  when  the  (/  +  c)  =  12  inches.  Since  it  is  useless  to 
attempt  to  take  levels  closer  than  0.01  of  a  foot  which  equals  .12  of  an 
inch  it  is  thus  seen  that  the  above  approximation  is  far  within  the 
limits  of  accuracy.  Therefore  we  can  see  at  once  that  the  difference 
of  elevation  equals  (374  +  1)  |  sin  27,  which  in  this  case  equals  41.33, 
which  is  the  same  value  as  before. 

The  above  solution  was  made  by  the  long  and  usually  impractic- 
able process  of  taking  the  multipliers  from  an  ordinary  trigonometrical 
table.  The  method  is  simpHfied  by  employing  what  is  called  a 
"stadia  reduction  table,"  such  as  is  given  in  the  back  of  this  book. 
Ivooking  in  the  column  headed  6°  we  find  opposite  6°  22'  the  value 
98.77.  If  we  multiply  98.77  by  3.74,  the  rod  reading,  we  obtain  369.4 
as  before;  adding  1  we  have  370.4.  For  the  difference  of  elevation 
we  multiply  the  number  corresponding  to  6°  22',  which  is  11.02,  by 
3.74,  and  obtain  41.21.  This  practically  is  the  same  value  as  before, 
the  difference,  which  is  really  but  a  fraction  of  a  hundredth  of  a  foot, 
being  caused  by  a  slight  inaccuracy  in  the  last  figure  in  the  table. 
At  the  bottom  of  the  table  we  find  that  when  (/  -f-  c)  =^  1,  as  we  have 
assumed  above,  the  quantity  to  be  added  for  difference  of  elevation  = 
.11,  which  gives  a  total  of  41.32,  which  is  the  value  we  previously 
obtained  by  the  long  process.  This  process  is  therefore  considerably 
shorter  than  the  first,  although  it  involves  two  multiplications.     The 
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third  method  is  to  use  a  diagram.  As  it  is  impracticable  to  illustrate 
a  diagram  which  would  have  any  practical  value  for  this  purpose  on 
the  pages  of  such  a  book,  we  must  be  content  with  a  mere  description 
of  the  process  as  described  in  section  15.  Stadia  slide  rules  are  illus- 
trated later  on.  (See  Section  33,  Figs.  25,  26  and  27.)  To  use  them 
w^e  simply  need  to  set  the  zero  of  the  angle  scale  (or  perhaps  some 
other  specified  mark  in  a  multiple  scale)  opposite  the  mark  on  the 
distance  scale  which  represents  the  rod  reading;  then  opposite  the 
mark  on  the  angle  scale,  which  indicates  the  angle  of  elevation  or 
depression,  we  may  read  directly  on  the  distance  scale  the  difference 
of  elevation.  For  example,  in  the  above  case,  and  using  the  Webb 
Stadia  Slide  Rule,  we  would  set  the  left-hand  end  of  the  scale,  which 
gives  the  *' difference  of  elevation"  and  which  contains  the  angles 
between  6°  and  7°,  on  the  mark  indicating  375,  then  looking  for  6°  22' 
on  the  angle  scale,  which  would  be  found  by  interpolating  between 
the  mark  for  6°  20'  and  6°  25",  we  may  read  at  once  41.3.  This  is 
always  sufficiently  accurate  for  contour  work,  and  unless  extreme 
care  has  been  taken  to  have  the  instrument  in  perfect  adjustment  it 
is  as  close  as  the  difference  of  elevation  can  be  depended  upon  at  a 
distance  of  375  feet.  This  operation  requires  but  a  few  seconds  of 
time.  To  obtain  the  correction  to  the  horizontal  distance,  we  place 
the  left-hand  end  of  the  rule  giving  "Hor.  corr."  for  6°  22'  on  375  of 
the  main  scale  and  note  that  the  angle  marked  6°  22'  occurs  at  y^ 
of  460,  showing  that  the  horizontal  correction  is  4.6,  which  would 
give  the  true  horizontal  distance  as  370.4  as  before.  This  is  even 
more  accurate  than  is  necessary,  and  we  would  call  the  true  horizontal 
distance  the  even  number  370  feet. 

Example  2.'  Verify  the  following  results  obtained  with  an  instru- 
ment whose  (/  +  c)  =  12  inches.  It  should  be  noted  that  a  large 
vertical  angle  is  not  usually  combined  with  a  great  distance,  as  that 
would  mean  an  extreme  difference  of  elevation.  The  following 
examples  have  purposely  been  chosen  to  cover  almost  every  case  that 
will  occur  in  actual  practice;  namely,  short  distances  and  slight  differ- 
ence of  elevation;  long  distances  with  small  vertical  angle;  and  short 
distances  and  large  vertical  angles,  such  as  occur  when  surveying 
through  a  gorge  and  side  shots  are  taken  up  the  steep  banks  of  the 
gorge.  The  student  should  note  in  each  case  that  the  approximate 
rules  will  usually  apply. 
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Rod  Reading. 

Vert.  Angle. 

Difl.  Elev. 

True  Hor.  Dist. 

1.34 
8.76 
4.22 
0.96 

+     0°  14' 
+     0°  12' , 
-     7°  06' 
+  25°  15' 

+       .54 
-f      3.06 
-    51.9 
+  37.2 

135' 

877' 

417' 

80' 

17.  Reduction  of  Field  Notes.  This  topic  is  mentioned  chiefly 
witli  a  view  of  giving  a  warning.  With  a  few  exceptions  which 
will  be  noted,  there  should  be  no  such  thing  as  a  **  reduction  of  field 
notes,"  or  in  other  words,  the  notes  taken  in  the  field  should  be  com- 
plete and  the  surveyor  should  never  wait  to  get  back  to  the  office  and 
then  depend  on  his  memory  to  complete  the  notes.  A  desire  to  make 
the  notes  neat  and  to  do  the  work  under  more  favorable  circumstances 
of  office  surroundings  and  suitable  temperature,  will  often  tempt  the 
surveyor  to  make  the  field  notes  very  meagre  and  then  depend  on 
them  and  on  his  memory  to  make  a  more  complete  set  after  the  office 
is  reached.  Under  special  circumstances  this  may  be  justifiable,  but 
in  general  every  essential  fact  should  be  recorded  in  the  field.  The 
only  exception  to  this  may  be  stated  in  a  broad  way  to  be  such  reduc- 
tions and  additions  as  can  be  unmistakably  made  from  the  field' 
notes  taken.  An  example  of  such  reduction  is  the  computation  of 
the  difference  of  elevation  and  the  correction  to  the  horizontal  dis- 
tance which  must  be  computed  from  stadia  measurejnents.  When 
circumstances  will  permit,  it  is  preferable  to  make  even  these  reduc- 
tions in  the  field,  as  may  be  readily  done  if  a  stadia  slide  rule  is  used, 
and  then  plot  the  work  on  a  sketch  board.  The  surveyor  should 
cultivate  the  habit  and  ability  to  make  sketches  in  the  field  which 
shall  be  approximately  to  a  correct  scale  and  which  will  settle  in- 
disputably the  ambiguity  which  often  arises  from  field  notes  ex- 
pressed simply  in  words  and  numbers.  Therefore  with  the  excep- 
tion of  mathematical  processes,  which  are  perfectly  definite  and  which 
may  be  made  more  conveniently  in  the  office  after  the  surveying 
work  is  done,  there  should  be  no  "reduction  of  field  notes." 

18.  Plotting  of  Farm  Surveys  from  Field  Notes.  Some  of 
the  statements  in  the  hist  paragraph  apply  especially  to  this  subject. 
A  sketch  01  the  farm,  as  is  illustrated  in  "Plane  Surveying,"  page  119, 
Fig.  83,  should  always  be  made  in  the  note  book.     Such  a  sketch  is 
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of  even  greater  importance  than  the  more  formal  notes  in  columns 
such  as  are  illustrated  on  page  118,  for  the  sketch  alone  would  serve 
the  purpose  if  care  is  taken  to  record  everything  on  it,  while  the  notes 
in  columns  are  frequently  subject  to  ambiguity.  To  put  it  more 
strongly,  it  requires  the  greatest  skill  to  make  the  formal  notes  so  that 
they  will  not  be  ambiguous.  The  plotting  of  farm  notes  will  there- 
fore consist  of  making  a  copy  of  the  sketch,  but  with  all  dimensions 
drawn  accurately  to  the  desired  scale  instead  of  roughly  and  inac- 
curately as  in  the  sketch.  The  scale  of  sketch  to  be  adopted  of 
course  depends  on  the  amount  of  detail  which  it  is  desired  to  show 
on  the  map.  If  possible,  the  map  should  be  oriented  so  that  the 
meridian  points  up,  but  this  may  be  impracticable  on  account  of  the 
form  of  the  farm,  or  the  direction  of  its  longest  dimension.  As  a 
matter  of  practical  accuracy,  the  direction  of  the  meridian  line  should 
be  immediately  determined  by  penciling  a  long  line  that  runs  approxi- 
mately through  the  center  of  the  map,  then  all  lines  should  be  plotted 
in  accordance  with  their  angle  from  this  meridian  line.  If  latitudes 
and  departures  have  already  been  computed  it  is  far  more  accurate  to 
determine  the  direction  of  the  boundary  lines  by  scaling  off  the  lati- 
tude and  departure  of  each  line.  If  it  is  necessary  to  use  a  protractor, 
then  the  protractor  should  be  as  accurate  as  possible.  The  very 
small  protractors  having  a  radius  of  about  2  inches,  which  are  fre- 
quently found  with  a  cheap  set  of  drawing  instruments,  are  w^orthless 
for  accurate  topographical  plotting.  If  a  protractor  must  be  used, 
it  is  far  better  to  purchase  an  8-inch  or  even  a  14-inch  paper  protractor 
which  can  be  bought  for  20  or  40  cents.  With  care  this  will  last  a 
long  time  and  will  be  far  more  satisfactory  than  the  small  metal  or 
horn  protractors  which  are  frequently  used. 

Another  method  of  laying  off  angles  accurately  is  to  use  a  table 
of  natural  tangents,  using  a  decimal  scale,  say  20  to  the  inch.  Five 
inches  of  this  scale  is  divided  into  100  parts  and  by  interpolation  it 
may  be  read  to  1000  parts.  I^ay  off  this  5  inches  on  a  line  and  erect 
a  perpendicular  to  that  line  at  the  5-inch  point.  Suppose  that  the 
angle  to  be  laid  off  is  16°  45';  the  natural  tangent  taken  from  a  table 
is  0.301.  Therefore,  scale  off  on  the  perpendicular  with  the  "20 
scale"  30.1  divisions.  A  line  to  the  starting  point  will  make  the 
required  angle  of  16°  45'  w^ith  the  given  line.  Since  the  length  of 
the  perpendicular  would  be  unreasonably  long  with  angles  which 
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approaclied  90°,  the  preferable  method  would  be  to  erect  a  perpen- 
dicular to  the  given  line  at  the  point  from  which  the  angle  was  to  be 
made;  lay  off  the  5  inches  on  that  perpendicular,  erect  a  line  perpen- 
dicular to  it  (or  parallel  to  the  original  line)  and  determine  the  tangent 
of  90°  minus  the  given  angle.  Of  course,  if  still  greater  accuracy  is 
desired,  a  longer  base  line  than  5  inches  can  be  used.  Other  details 
of  the  plotting  of  farm  surveys,  which  are  applicable  to  other  forms 
of  plotting,  will  be  given  subsequently. 

19.  Plotting  of  Profile  From  Level  Notes.  Profiles  are  al- 
most invariably  plotted  on  "profile  paper."  There  are  three  gen- 
eral methods  of  ruling  the  lines  on  profile  paper,  and  the  paper 
adopted  will  depend  somewhat  on  the  use  to  be  made  of  it.  Vertical 
lines  are  ruled  }  inch  apart,  sometimes  y    inch  apart.     Horizontal 


Plotting  Angles  from  Tangent. 


lines  are  ruled  20,  25  or  30  to  the  inch.  The  paper  comes  either  in 
sheets  about  42  inches  long  and  15  inches  high,  or  else  in  rolls  which 
are  10  or  20  inches  wide  and  50  yards  long.  Sometimes  the  paper 
is  mounted  on  muslin  and  sometimes  the  rulings  are  made  on  tracing 
paper  or  on  tracing  cloth.  The  levels  are  always  referred  to  some 
datum  plane,  which  is  lower  than  any  elevation  to  be  recorded.  Each 
fifth  horizontal  line  is  ruled  somewhat  heavier  than  the  others  and 
one  of  these  lines  should  be  selected  as  the  line  indicating  some  even 
multiple  of  5  feet  above  datum  plane.  Some  little  ingenuity  is  often 
necessary  to  choose  the  proper  line,  so  that  the  profile  will  run  neither 
too  high  nor  too  low.  The  scales,  both  horizontal  and  vertical, 
which  are  to  be  used,  must  be  selected  with  reference  to  the  character 
of  the  work  to  be  shown.  The  horizontal  scale  will  usually  vary 
from  100  to  400  feet  to  the  inch.  At  a  scale  of  400  feet  to  the  inch, 
each  vertical  line  therefore  corresponds  to  100  feet  of  horizontal  dis- 
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Pig.  10.    Profile  and  Grade  Line. 


tance.  Usually  each  horizontal 
line  (spaces  ^V  of  an  inch  apart) 
means  1  foot  of  elevation,  or  in 
other  words,  the  vertical  scale  is 
20'  feet  to  the  inch.  Since  the 
engraved  lines  usually  cover  a 
vertical  space  of  15  inches,  this 
scale  will  allow  a  range  of  profile 
of  300  feet.  If  20  feet  per  inch  is 
chosen  as  the  vertical  scale,  and 
the  total  vertical  range  of  the 
profile  does  not  exceed  300  feet, 
then  the  whole  profile  may  be 
placed  without  a  break  on  such 
a  sheet,  but  the  choice  of  lines 
to  represent  any  given  elevation 
must  be  made  accordingly.  WTien 
a  larger  vertical  scale  is  ohosen 
or  the  range  of  elevation  is  great- 
er, as  it  is  apt  to  be  for  a  con- 
tinuous railroad  profile,  a  break 
may  be  made  by  raising  or  lower- 
ing the  profile  an  even  number  of 
feet;  for  example,  by  making  a 
change  at  some  vertical  line  by 
which  the  elevation  indicated  by  a 
given  horizontal  line  is  abruptly 
changed,  say  100  or  200  feet. 

Mark  on  the  profile  sheet  the 
elevation  corresponding  to  the 
horizontal  lines  and  also  the  dis- 
tances corresponding  with  the 
vertical  lines,  then  having  re- 
corded in  the  note-book  the  eleva- 
tions above  the  datum  plane  of 
every  desired  point  in  the  profile, 
plot  each  point  at  its  proper  po- 
sition according  to  the  horizontal 
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scale  and  likewise  according  to  the  vertical  scale.  A  line  drawn 
through  these  several  points  will  give  the  profile  of  the  surface.  If 
it  is  desired  to  establish  a  given  grade  line  on  that  profile,  the  location 
in  distance  and  elevation  of  the  governing  points  of  that  grade  line 
should  then  be  plotted  and  the  grade  line  drawn  through  them. 
Usually  this  grade  line  will  He  alternately  above  and  below  the  sur- 
face line  and  we  thus  have  a  graphical  representation  of  the  amount 
of  cut  or  fill  required  at  any  point. 

20.  Plotting  of  Stadia  Survey  Notes.  Stadia  surveying  is 
almost  invariably  based  on  a  skeleton  which  has  been  surveyed  with 
a  higher  grade  of  accuracy  than  is  possible  with  mere  stadia  work. 
This  skeleton  is  usually  made  by  triangulation,  and  therefore  errors 
cannot  accumulate  beyond  those  incident  to  a  survey  between  two 
triangulation  stations.  Of  course,  the  sub-stations  between  the  tri- 
angidation  stations  are  determined  wholly  by  stadia  measurements, 
and  if  the  area  to  be  surveyed  is  very  small,  this  may  constitute  the 
skeleton  of  the  whole  work  regardless  of  any  triangulation  stations. 
If  triangulation  has  been  used,  then  the  triangulation  stations  should 
be  first  plotted  with  all  the  accuracy  that  is  possible.  The  next  step 
will  be  to  run  the  traverse  lines  which  connect  the  stadia  sub-stations 
and  which  run  between  the  triangulation  stations,  as  well  as  shorter 
traverse  lines  which  might  be  used  to  connect  stadia  stations  and  form 
a  net  work.  The  stadia  work  for  the  lines  between  stations  should 
be  done  with  such  accuracy  that  there  is  no  appreciable  error  or 
closure  when  connecting  the  triangulation  stations.  If  any  such 
error  is  found,  it  should  be  investigated,  and  if  it  amounts  to  a  great 
deal,  it  may  indicate  some  gross  blunder  in  the  fiekl  work.  One 
method  of  investigating  such  blunders  is  to  compute  the  latitude  and 
departure  of  each  course  of  the  traverse.  The  algebraic  sum  of  these 
should  be  the  latitude  and  departure  between  the  two  terminal  sta- 
ti(^ns,  and  the  amount  of  the  discrepancy  will  indicate  whether  it 
should  be  ascribed  to  mere  cumulative  inaccuracy  or  to  some  gross 
blunder  at  some  one  place.  When  the  closure  has  finally  been  settled 
with  satisfactory  accuracy  all  stadia  stations  will  have  been  plotted. 
The  reference  line  for  azimuths  in  stadia  work  is  usually  a  meridian 
line,  but  whether  it  is  so  or  not,  that  reference  line  should  be  drawn 
through  each  station  and  sub-station  from  which  stadia  shots  have 
been  taken.     A  full  circle  protractor  is  the  most  convenient  instru- 
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ment  to  use  for  this  purpose,  and  although  a  protractor  0  inches  in 
diameter,  when  used  carefully,  may  answer  the  pui*pose,  it  is  preferable 
to  have  one  of  a  larger  size  even  though  it  is  engraved  on  paper. 
Number  all  the  stadia  shots  at  each  station  and  with  its  zero  line  run- 
ning along  the  azimuth  reference  line,  mark  by  dots  on  the  edge  of 
the  protractor  the  angles  as  given  for  the  various  shots  taken  from 
that  station.  As  each  one  is  marked,  indicate  the  mark  very  lightly 
by  a  number,  which  is  the  number  of  the  shot.  Usually  all  the  shots 
taken  from  any  one  station  may  be  marked  off  with  a  single  placing 
of  the  protractor;  then,  removing  the  protractor,  scale  off  from  the 
stadia  station  the  various  distances  for  each  shot,  making  a  dot  at  the 
required  distance  and  drawing  around  it  a  small  circle  veiy  lightly  in 
pencil  to  aid  in  finding  its  position.  Indicate  immediately  in  pencil 
the  elevation  of  the  point,  which  elevation  should  have  been  pre- 
viously computed  and  recorded  in  the  note  book.  This  also  serves 
to  identify  the  point.  When  two  or  more  points  have  been  obtained 
to  determine  the  corners  of  buildings,  bridges  or  other  structures, 
the  points  should  be  immediately  connected  so  as  to  render  the  signifi- 
cance of  the  points  at  once  more  intelligible.  It  may  even  be  prefer- 
able to  indicate  very  lightly  in  pencil  the  general  run  of  the  contours 
through  the  elevations  which  have  been  obtained,  since  every  new 
indication  on  the  map  will  render  it  plainer  and  enable  the  rest  of  the 
work  to  be  put  on  w^ith  less  danger  of  making  blunders.  By  making 
all  marks  with  a  hard  pencil  and  without  bearing  on  veiy  hard,  mis- 
takes may  be  corrected  without  excessive  erasures,  which  might  spoil 
the  paper,  and  yet  the  penciling  will  be  sufficiently  plain  so  that  it  can 
be  inked  in  when  it  is  found  to  be  satisfactory.  This  is  particularly 
true  in  the  matter  of  connecting  the  contour  lines  which  have  been 
determined  from  various  stadia  stations.  After  indicating  all  desired 
features,  the  azimuth  reference  line  through  each  stadia  sub-station, 
as  well  as  other  features  which  have  been  lightly  penciled  in,  may  be 
erased  without  trouble. 

21.  Plotting  of  Maps  by  Projection.  For  small  areas  such 
as  farms  and  parks,  where  the  area  is  but  a  few  square  miles,  it  is  suffi- 
ciently accurate  to  assume  that  the  surface  of  the  earth  is  plane,  or 
in  other  words,  that  all  plumb  lines  held  at  all  points  of  the  map  would 
be  precisely  paialleL  But  when  the  areas  amount  to  hundreds  of 
square  miles,  and  particularly  when  they  cover  whole  continents,  the 
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curvature  of  the  earth  cannot  he  neglected  either  in  the  computations 
or  plotting.  A  **  single  curved  surface,"  such  as  that  of  a  cone  or 
cylinder, can  be  "developed"  and  it  will  lie  flat;  i.e., the  surface  could 
be  rolled  out  on  a  plane  surface  without  changing  any  proportions. 
But  a  surface  of  ''double  curvature"  such  as  a  sphere  is  not  develop- 
able, and  there  then  arises  the  problem  of  representing  on  a  plane 
surface  the  surface  of  a  sphere  with  as  little  distortion  as  is  possible. 
There  are  many  methods  of  accomplishing  this,  some  of  which  are 
very  approximate.  They  will  be  described  in  the  order  of  their  com- 
plexity, which  likewise  means  the  order  of  their  accuracy.  In  each 
case  will  be  described  the  method  of  plotting  parallels  of  latitude  and 
meridians  of  longitude.  vSince  in  any  case  a  line  is  determined  by  its 
passing  through  a*point  of  known  position  and  running  at  a  given 
angle  with  the  meridian,  the  plotting  of  meridians  and  parallels  gives 
a  sufficient  framework  for  the  plotting  of  any  tnap. 

Trapezoidal  Projeciion.  In  this  method  parallels  and  meridians 
are  plotted  as  straight  lines.  In  Table  II  are  shown  the  distances 
between  parallels  of  latitude  at  any  given  latitude  (the  distance  vary- 
ing slightly  with  the  latitude)  and  also  the  distance  between  meridians 
on  any  parallel  of  latitude.  A  straight  vertical  line  at  the  center  m^y 
indicate  the  even  degree  meridian  which  passes  approximately  through 
the  center  of  the  map  to  be  plotted.  On  this  line  lay  off  distances  at 
the  proper  scale  which  will  represent  the  distances  between  the  par- 
allels of  latitude  included  within  the  map.  On  two  of  these  parallels, 
which  are  approximately  at  one-fourth  the  distance  from  the  top  and 
bottom,  lay  off  distances  from  the  central  meridian,  which  represent, 
according  to  Table  II,  the  positions  of  even  degree  meridians  at  so 
many  degrees  each  side  of  the  center.  Connecting  the  corresponding 
points  on  these  two  parallels  we  have  a  series  of  trapezoids,  each  of 
which  have  parallel  lines  for  top  and  bottom  and  a  pair  of  converging 
lines  for  the  sides.  When  the  scale  is  such  that  the  angular  distance 
of  any  point  from  the  center  of  the  map  is  but  a  few  degrees  measured 
in  latitude  or  longitude,  then  this  method  might  be  tolerated,  although 
the  errors  at  the  outer  edges  of  the  map  would  be  considerable.  When 
the  map  includes  many  degrees  of  latitude  and  longitude,  then  the 
errors  become  intolerable. 

Simple  Conic  Projection.  A  cone  is  readily  developable  and  its 
development  is  a  sector  of  a  circle  whose  radius  is  the  slant  height  of 
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the  cone.  If  we  consider  a  cone  to  envelop  a  sphere  so  that  its  vertex  is 
in  the  pole  of  the  sphere  and  is  tangent  to  the  sphere  at  some  parallel 
of  latitude,  which  is  purposely  chosen  as  the  middle  parallel  of  the 
desired  map,  then  if  points  on  the  surface  of  the  sphere  are  projected 
on  to  the  surface  of  the  cone  and  the  cone  is  then  developed,  we  will 
have  a  representation  of  the  surface  of  the  earth  with  comparatively 
little  distortion,  especially  when  the  angular  distance  measured  in 
degrees  of  latitude  from  the  middle  parallel  is  very  small.  Fig.  12 
illustrates  this  method  on  a  very  small  scale,  but  it  also  shows  that 
when  the  angular  range  of  the  map  is  very  large  the  distortion  on  the 
outer  edges  of  the  map  is  very  considerable.  The  distance  between 
parallels  45^  and  60°  is  very  perceptibly  less  than  that  between  0°  and 


Fig.  11.    Development  of  Cone. 

15°.  A  very  obvious  modification  of.  the  method  is  to  space  the  par- 
allels at  their  true  distance  apart.  To  apply  this  method  lay  off  as 
before  a  vertical  line  which  represents  an  even  degree  meridian  passing 
approximately  through  the  center  of  the  map.  On  this  meridian  lay 
off,  as  before,  points  which  represent  the  distances  between  consecu- 
tive parallels  of  latitude.  From  Table  II  we  may  take  the  length  of 
the  slant  height  of  such  a  tangent  cone,  which  is  tangent  at  the  middle 
parallel  of  the  map ;  spacing  off  distances  on  this  central  meridian  we 
determine  the  position  of  the  apex  of  the  cone  of  development.  We 
may  then  draw  through  the  points  on  this  meridian,  which  represent 
the  various  positions  of  the  parallels,  arcs  of  circles  which  will  repre- 
sent the  developable  parallels.    On  the  middle  parallel  of  the  map  we 
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may  plot  the  position  of  the  various  meridians  included  in  the  map  and 
through  these  points  we  may  draw  radial  lines  in  the  direction  of  the 
apex  of  the  developable  cone.  Points  in  the  immediate  neighborhood 
of  the  middle  parallel  are  correctly  plotted.  Points  which  are  further 
away  from  the  middle  parallel,  either  above  or  below,  are  more  and 
more  inaccurate;  but  this  method  will  answer  for  plotting  of  areas  of 
several  hundred  miles.  One  very  practical  difficulty,  which  is  almost 
insuperable  unless  the  scale  of  the  map  is  very  small,  is  that  the  slant 
height  of  the  developable  cone  is  too  large  and  the  apex  of  the  cone 
is  really  inaccessible.  For  example,  at  latitude  40°  the  length  of  the 
side  of  the  tangent  cone  is  4730  miles.  Even  if  we  adopt  a  scale  of 
1  -^  125000,  which  is  approximately  two  miles  to  the  inch,  the  length 


Fig.  12.    Simple  Conic  Projections. 

of  the  radius  to  be  used  in  developing  this  cone  would  be  4730  -f-  2  = 
2365  inches  =  197  feet.  It  then  becomes  impracticable  to  use  this 
method  except  by  adopting  a  method  of  "co-ordinates"  which  will 
be  described  later. 

Simple  Conic  Modified,  The  simple  conic  is  totally  outside  of 
the  sphere,  except  at  the  circle  of  tangency.  The  map  is  therefore 
always  larger  than  the  true  area.  A  simple  modification  is  to  lay  off 
on  two  developed  parallels  situated  at  one-fourth  of  the  height  of  the 
map  from  top  and  bottom  the  true  distance  between  meridians.  The 
meridians  are  then  drawn  a.s  straight  lines  through  these  points  of 
division.  This  is  virtually  the  e(|uivalent  of  the  development  of  a 
cone  which  iuteisects  the  spheie  between  the  two  selecttul  parallels. 


40 


PLOTTING  AND  TOPOGRAPHY  31 


the  cone  being  inside  the  sphere  between  the  parallels  and  outside  of 
the  sphere  above  and  below  them.  That  part  of  the  map  which  lies 
between  the  two  parallels  will  be  slightly  too  small  and  that  above 
and  below  will  be  slightly  too  large,  but  in  no  case  will  the  variation 
be  as  large  as  in  the  case  of  a  simple  conic.  A  still  further  modifica- 
tion is  to  lay  off  on  each  parallel  the  proper  distance  between  meridians 
for  that  latitude,  but  the  parallels  are  developed  as  arcs  of  concentric 
circles.      Each  of  these  successive  meth-  . 

ods  is  a  little  more  accurate  than  the  /\\ 

previous  method,  but  unless  the  scale  of  /      I    \ 

the  map  is  such  that  it  is  practicable  to  /-^"f"— -\ 

draw  the  developed  parallels  directly  as  ^^       ]       ^^ 

arcs  of  circles  and  without  the  use  of  co-        /y^z  i  7^ 

ordinates,  it  is  just  as  simple,  as  well  as      K -^z^~^^~ "\ 

being  much  more  accurate,  to  employ  the  /I  X  l\ 

following  method,  which  is   the  method       \  1  / 

used    by   the    United  States  Coast    and         \  1  / 

Geodetic  Surv^ey,  as  well  as  by  all  other  ^^--J-^^^ 

geodeSlStS.      ^  ^  ^.^   ^^      simple  Conic-Modlfled. 

Poly  conic  Projection.  Let  us  con- 
sider a  sphere  with  parallels  of  latitude  and  meridians  drawn  over 
it  and  then  assume  that  the  sphere  is  covered  with  a  series  of  cones 
whose  vertices  are  all  in  the  pole  of  the  sphere,  each  cone  being 
tangent  to  the  sphere  along  one  of  ihe  parallels  of  latitude.  If  we 
then  develop  these  cones,  the  line  of  tangency  of  each  cone  will 
develop  as  the  arc  of  a  circle  whose  radius  is  the  slant  height  of 
the  cone,  and  the  intersection  of  the  tangent  parallel  with  each 
meridian  may  be  plotted  on  this  circle  in  its  true  position.  By 
drawing  a  vertical  center  line  we  may  lay  off  on  it  the  true  dis- 
tance between  the  desired  parallels  of  latitude;  then,  laying  off  on 
that  vertical  center  line  from  the  position  of  each  parallel,  a  line 
equal  to  the  slant  height  of  the  corresponding  tangent  cone,  we 
may  draw  arcs  which  will  represent  the  development  of  each 
piarallel  of  latitude.  To  illustrate  the  principle  involved  this  has 
been  done  on  an  exceedingly  small  scale  and  by  lines  which  represent 
the  development  of  many  degrees  of  both  latitude  and  longitude  in 
Fig.  14,  but  this  method  is  particularly  used  for  the  plotting  of  maps 
on  a  comparatively  large  scale  in  which  the  length  of  the  radius  of 
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the  developing  cones  (at  the  scale  adopted)  would  be  impracticably 
large.  It  therefore  becomes  necessary  to  plot  these  curves  by  the 
method, of  co-ordinates,  which  must  necessarily  be  computed  and 
arranged  in  a  tabular  form  for  use.  It  then  becomes  just  as  easy 
to  use  co-ordinates  which  are  computed  with  reference  to  the  true 
form  of  the  earth  rather  than  those  computed  for  a  sphere.  In  Table 
II  is  given  for  various  latitudes  the  length  in  statute  miles  of  1°  of 
latitude,  the  length  of  1°  of  longitude,  the  length  of  the  side  of  the  tan- 
gent cone,  the  distance  from  the  center  meridian  of  1°,  2°,  3°,  4°  and  5° 
of  longitude,  and  also  the  vertical  ordinate  for  each  one  of  these  points 
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Fig.  14.    Principle  of  Polyconic  Projection. 

above  a  horizontal  tangent  line.  The  method  of  drawing  one  of 
these  maps  may  be  most  easily  described  by  a  concrete  example,  as 
follows:  First.  Draw  a  vertical  line  to  represent  some  even-degree 
meridian  of  longitude  which  is  as  near  as  may  be  at  the  center  of  the 
map.  Having  selected  the  scale,  space  off  on  this  vertical  line  the 
positions  for  as  many  parallels  of  latitude  as  it  is  desired  to  represent. 
The  length  of  1°  of  latitude  measured  on  a  meridian  for  various  lati- 
tudes in  statute  miles  is  given  in  the  accompanying  table.  For  ex- 
ample: suppose  that  the  scale  of  the  map  is  to  be  y^^^innr*    This  is 
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ILLUSTRATING  ONE  STEP  IN  CHART  MAKING 

Photographed  from  an  original  sheet  on  which  hydrographic  work  was  done  in  the  field.  Note  the  im- 
lense  number  of  soundings  plotted  (which,  however,  are  but  a  small  proportion  of  those  taken)  and  the  fathom 
jntour  lines,  and  compare  with  finished  chart  shown  on  page  58. 
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approximately  equal  to  a  scale  of  two  miles  per  inch.  At  latitude  40° 
the  length  of  1°  of  latitude  in  statute  miles,  as  taken  from  the  table, 
is  68.993.  INIultiplying  this  by  63360  we  have  4371396  inches,  which 
is  the  length  of  1°  at  40°  latitude,  or  which  is  the  length  between  39°  30' 
and  40°  30'.  Dividing  this  by  125000  we  have  34.97  inches,  which 
will  be  the  distance  to  be  scaled  on  the  vertical  line  between  two  marks, 
which  should  represent  the  parallels  39°  30'  and  40°  30'.  Dividing 
this  space  in  half  we  have  the  position  for  40°  latitude  and  any  other 
desired  parallels  may  be  interpolated  accordingly.  This  is,  of  course, 
on  the  assumption  that  40°  is  the  mean  latitude.  Second.  From 
each  point  on  the  center  line  through  which  a  parallel  is  to  pass,  draw 
a  horizontal  line.  Assume  that  we  wish  to  lay  off  meridian  lines  at 
intervals  of  0°  15'  of  longitude.  The  accompanying  table,  which 
has  been  compiled  from  the  more  extensive  table  of  the  United  States 
Coast  and  Geodetic  Surv^ey,  published  in  their  report  for  1884,  gives 
the  co-ordinates  of  points  which  are  from  0°  15'  to  3°  east  or  west 
from  the  center  meridian  of  the  map  for  all  latitudes  between  25° 
and  50°.  These  co-ordinates  are  given  in  meters  since  this  is  the 
universal  unit  of  measure  in  high  grade  geodetic  work,  but  these 
co-ordinates  can  be  readily  transferred  into  other  units  on  the  basis 
that  one  meter  =  3.2809  feet  =  39.3704  inches.  Although  the 
accompanying  table  is  amply  accurate  for  much  of  the  work  that  an 
engineer  may  have  to  plot,  the  more  extensive  tables  of  the  Coast 
Survey  should  be  utilized  for  the  highest  grade  of  work.  Since  1 
meter  ==  39.3704  inches,  when  we  are  working  on  a  scale  of  1  -^-  125- 
000  each  meter  would  scale  .00031496  inches  or  10000  meters  = 
3.1496  inches.  For  our  present  purpose  we  may  call  this  3.15  inches. 
According  to  our  table  the  distance  out  from  the  center  for  0°  U '  at 
latitude  40°  is  21349  meters,  which  at  3.15  inches  per  10000  meters 
gives  6.72.  Similarly  we  can  reduce  to  inches  the  ordinates  for  0°  30', 
0°  45'  and  1°.  The  distance  out  for  1°  15'  can  be  obtained  sufficiently 
close  by  interpolation  between  the  values  for  1°  and  for  1°  30'.  At  all 
these  points  we  can  erect  short  perpendiculars.  This  should  be  done 
on  both  sides  of  the  vertical  center  line.  The  vertical  ordinates  which 
are  given  in  the  table  may  be  similarly  changed  to  inches.  The  ver- 
tical ordinate  in  meters  for  1°  from  the  center  is  479  meters,  which  at 
.000315  inches  per  meter  =0.151  inches.  For  2°  the  vertical  ordinate 
is  four  times  this  or  1916  meters  or  0.603  inches,  thus  indicating  that 


43 


hJ(P-.    V\V*     X*^^'^   ^^      <^"^ 


ILLUSTRATING  ONE  STEP  IN  CHART  MAKING 

Photographed  from  an  original  sheet  on  which  hydrographic  work  was  done  in  the  field.  Note  the  im- 
mense number  of  soundings  plotted  (which,  however,  are  but  a  small  proportion  of  those  taken)  and  the  fathom 
contour  lines,  and  compare  with  finished  chart  shown  on  page  58. 
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approximately  equal  to  a  scale  of  two  miles  per  inch.  At  latitude  40° 
the  length  of  1°  of  latitude  in  statute  miles,  as  taken  from  the  table, 
is  68.993.  ^Multiplying  this  by  63360  we  have  4371396  inches,  which 
is  the  length  of  1°  at  40°  latitude,  or  which  is  the  length  between  39°  30' 
and  40°  30'.  Dividing  this  by  125000  we  have  34.97  inches,  which 
will  be  the  distance  to  be  scaled  on  the  vertical  line  between  two  marks, 
which  should  represent  the  parallels  39°  30'  and  40°  30'.  Dividing 
this  space  in  half  we  have  the  position  for  40°  latitude  and  any  other 
desired  parallels  may  be  interpolated  accordingly.  This  is,  of  course, 
on  the  assumption  that  40°  is  the  mean  latitude.  Secrnid.  From 
each  point  on  the  center  line  through  which  a  parallel  is  to  pass,  draw 
a  horizontal  line.  Assume  that  we  wish  to  lay  off  meridian  lines  at 
interv^als  of  0°  15'  of  longitude.  The  accompanying  table,  which 
has  been  compiled  from  the  more  extensive  table  of  the  United  States 
Coast  and  Geodetic  Survey,  published  in  their  report  for  1884,  gives 
the  co-ordinates  of  points  which  are  from  0°  15'  to  3°  east  or  west 
from  the  center  meridian  of  the  map  for  all  latitudes  between  25° 
and  50°.  These  co-ordinates  are  given  in  meters  since  this  is  the 
universal  unit  of  measure  in  high  grade  geodetic  work,  but  these 
co-ordinates  can  be  readily  transferred  into  other  units  on  the  basis 
that  one  meter  =  3.2809  feet  =  39.3704  inches.  Although  the 
accompanying  table  is  amply  accurate  for  much  of  the  work  that  an 
engineer  may  have  to  plot,  the  more  extensive  tables  of  the  Coast 
Survey  should  be  utilized  for  the  highest  grade  of  work.  Since  1 
meter  =  39.3704  inches,  when  we  are  working  on  a  scale  of  1  -r-  125- 
000  each  meter  would  scale  .00031496  inches  or  10000  meters  = 
3.1496  inches.  For  our  present  purpose  we  may  call  this  3.15  inches. 
According  to  our  table  the  distance  out  from  the  center  for  0°  U '  at 
latitude  40°  is  21349  meters,  which  at  3.15  inches  per  10000  meters 
gives  6.72.  Similarly  we  can  reduce  to  inches  the  ordinates  for  0°  30', 
0°  45'  and  1°.  The  distance  out  for  1°  15'  can  be  obtained  sufficiently 
close  by  interpolation  between  the  values  for  1°  and  for  1°  30'.  At  all 
these  points  we  can  erect  short  perpendiculars.  This  should  be  done 
on  both  sides  of  the  vertical  center  line.  The  vertical  ordinates  which 
are  given  in  the  table  may  be  similarly  changed  to  inches.  The  ver- 
tical ordinate  in  meters  for  1°  from  the  center  is  479  meters,  which  at 
.000315  inches  per  meter  =0.151  inches.  For  2°  the  vertical  ordinate 
is  four  times  this  or  1916  meters  or  0.603  inches,  thus  indicating  that 
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the  vertical  ordinates  increase  as  the  square  of  the  distance  from  the 
meridian.  Therefore  the  ordinates  for  1°  15',  1°  30'  and  1°  45'  will  = 
f  I,  f  I  and  fl,  respectively,  of  the  unit  height  for  1°, which  is  0.151 
inches.  For  a  width  in  latitude  of  3°,  each  side  of  the  center,  other 
points  may  be  similarly  obtained.  Having  plotted  these  points  for 
40°  latitude,  we  must  repeat  the  operation  for  each  new  parallel 
required.  The  figures  to  be  used  for  intermediate  parallels  of  latitude 
may  be  obtained  with  more  than  sufficient  accuracy  by  interpolating 
between  the  numbers  given  in  the  tables. 

It  should  be  noticed  that  Fig.  14  was  drawn  mainly  for  the  pur- 
pose of  illustrating  the  general  principles  involved.  It  covers  a  range 
of  45°  each  side  of  the  center  line  and  from  the  equator  to  60°  north 
latitude.  This  is  a  very  extreme  case  and  far  greater  than  would 
ever  be  used  on  any  map  where  close  accuracy  is  a  necessity,  and  yet 
even  in  this  case  the  distortion,  although  it  does  exist,  and  is  an  abso- 
lute necessity,  is  nevertheless  reduced  to  a  minimum  by  this  method. 

Numerical  Example.  Compute  by  derivation  from  Table  II, 
for  the  scale  of  1  -^  1,000,000  the  values  for  each  intersection  point 
of  parallels  at  intervals  of  0°  15'  and  meridians  at  every  0°  15'  for  3° 
east  and  west  of  the  prime  meridian  and  between  the  latitudes  of  30° 
and  37°.  Draw  lightly  in  pencil  the  horizontal  lines  and  the  perpen- 
diculars, indicating  in  pencil  the  computed  length  of  the  divisions  of 
the  horizontal  lines  and  the  lengths  of  each  perpendicular,  then  con- 
nect the  corresponding  intersections  with  lines  which  will  represent 
the  parallels  and  meridians.     Draw  to  a  scale  of  1  :  1,000,000. 

22.  Three  Point  Problem.  Economy  in  field  work  is  frequently 
served  by  employing  what  is  known  as  the  "three  point  problem"  to 
accomplish  certain  results.  For  example,  the  location  of  points  at 
which  soundings  are  taken  in  any  body  of  water  require  the  employ- 
ment of  several  extra  men  with  instruments  if  it  is  done  by  the  method 
which  is  perhaps  simplest  to  plot,  namely,  to  have  men  and  instru- 
ments on  certain  located  points  on  shore  where  observations  are 
taken  at  the  time  of  making  each  sounding.  This  may  be  obviated 
by  using  two  sextants  or  even  a  double  sextant,  which  is  used  by  a 
man  on  the  sounding  boat.  Observ^ations  by  the  boat  observer  are 
taken  on  three  shore  signals,  and  the  two  angles  betv/een  each  outer 
signal  and  the  middle  signal  are  measured.  With  an  instrument 
known  as  a  double  sextant,  one  skillful  observer  can  simultaneously 
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Fig.  15.    Three-Points  Problem. 


set  his  sextant  to  take  both  readings.  Tliis  method  keeps  all  members 
of  the  party  together.  No  signaling  between  those  in  the  boat  and 
instmment  men  on  shore  is  necessary  and  the  economy  of  time  and 
men  is  considerable,  although  it  requires  special  instruments  to 
take  the  observ^ations  and  a  special 
instmment  later  on  to  plot  the  work. 
Unfortunately  even  this  solution  has 
its  limitations.  If  the  circle  which 
passes  through  the  three  fixed  points 
also  passes  through  the  point  to  be  lo- 
cated, then  the  solution  is  indeter- 
minable, and  if  the  point  to  be  deter- 
mined lies  near  the  circumference  of 
that  circle,  the  solution,  although  theo- 
retically determinate,  is  subject  to  great 
inaccuracy.   Nevertheless,  with  suitable 

caie  this  limiting  condition  may  be  avoided  and  the  accuracy  under 
usual  conditions  is  as  great  as  is  necessary.  The  same  fundamen- 
tal principle  is  employed  in  plane  table  sur^-eying  when  it  is  desired 
to  set  up  a  plane  table  at  some  station  which  has  not  been  previ- 
ously plotted  on  the  map,  and  to  determine  directly  its  location  by 

an  observ  ation  on  three  stations 
-^^.»  which  have  already  been  plot- 
ted. The  fundamental  prin- 
ciple of  the  work  is  illustrated 
in  Figure  15  and  depends  on  the 
geometrical  proposition  that, 
except  for  a  point  located  on  the 
circumference  ab  c,  there  is  but 
one  position,  x,  from  which  the 
lines  drawn  forming  the  angles 
a  X  b  and  b  x  c  will  equal  any 
two  given  values.  An  inspec- 
tion of  the  figure  ^\'ill  show  that 
if  x'  were  located  in  the  circumference,  then  the  angles  a  x'  b  and 
b  x'  c  would  be  the  same  for  any  location  of  x'  in  that  circumference. 
If  X  represents,  for  example,  the  location  of  a  boat  from  which  the 
angles  axb  and  b  xc  are  measured  between  flags  located  on  shore, 


Fig.  16. 


Locating  Soundings— Three- 
Points  Problem. 
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it  is  only  necessary,  in  order  to  plot  the  position  of  rr,  to  have  three 
Hnes  which  make  the  given  angles  with  each  other  and  find  by  trial 
such  a  position  for  x  that  three  such  lines  will  simultaneously  pass 
through  the  three  points.  These  three  lines  may  be  the  three  arms 
of  a  "three-armed  protractor"  (see  Fig.  21)  or  they  may  be  three 
lines  which  make  the  given  angles  and  which  are  drawn  on  a  piece 
of  tracing  paper,  which  is  used  as  described  below.  Of  course,  very 
skillful  work  is  required  to  avoid  inaccuracy,  but  in  skilled  hands 
the  method  is  economical  and  sufficiently  accurate  for  practical  use. 

In  plane  table  work  the  problem  may  be  solved  similarly.  The 
plane  table  may  be  set  up  over  the  station  whose  location  is  required. 
A  piece  of  tracing  paper  may  be  placed  over  the  regular  drawing  and 
three  lines  may  be  drawn  to  the  three  known  and  plotted  stations. 
These  lines  will  evidently  make  the  proper  angles  with  each  other. 
It  is  then  only  necessary  to  move  this  tracing  paper  to  some  position, 
such  that  the  lines  will  simultaneously  pass  through  the  three  points 
and  then  prick  through  the  tracing  paper  the  location  of  the  desired 
point. 

Another  method  of  solving  the  same  problem  with  the  plane  table 
is  that  known  as  Bessel's  solution,  which  is  illustrated  in  Fig.  17. 
The  explanation  of  this  method  is  far  more  difficult  than  the  mere 
work  of  doing  it,  which  may  be  readily  learned.  The  reasoning  may 
be  best  followed  by  considering  a  case  which  has  already  been  worked 
out — see  Fig.  17.  a,  b  and  c  are  points  already  plotted  on  the  map. 
d  is  a  point  whose  real  location  is  at  first  unknown,  e  is  a  "construc- 
tion" point,  which  is  also  unknown.  The  method  of  procedure  will 
be  first  stated  as  follows : 

The  instrument  is  set  up  over  the  point  D  in  the  field.  A,  B,  C 
and  D  refer  to  the  actual  station  positions.  (1)  The  alidade  is 
then  set  on  the  line  c  a  and  the  whole  table  is  then  revolved  until  the 
instrument  sights  at  A,  when  it  is  clamped.  (2)  The  alidade  is  then 
placed  with  its  edge  on  c  and  so  that  it  sights  at  the  point  B.  Draw- 
ing a  line,  we  will  have  the  line  c  e.  (3)  The  alidade  is  set  on  the 
line  a  c  and  the  table  is  then  loosened  and  turned  until  the  telescope 
points  at  C.  (4)  Move  the  alidade  so  that  the  edge  passes  through 
a  and  again  points  at  B  and  draw  a  line.  This  line  a  e  drawn  from 
a  intersects  the  line  drawn  from  c  in  the  point  e.  (5)  Connect  b 
and  c.     The  required  point  d  is  somewhere  on  the  line  b  c — or  on  b  e 
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produced.  By  placing  the  alidade  on  the  line  b  e  and  turning  the 
whole  table  until  it  points  at  station  B,  the  table  is  properly  oriented. 
The  student  should  note  that  the  location  of  point  d  is  still  unknown, 
but  when  the  table  is  properly  oriented,  it  is  only  necessary  to  place 
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Fig.  17.    Bessel's  Solution  of  Three-Point  Problem. 


the  alidade  with  its  edge  on  the  point  a  and  so  that  it  sights  at  station 
A.  A  line  drawn  along  the  alidade  will  intersect  the  line  6  e  at  the 
required  point  d:  As  a  check  we  may  tu^n  the  alidade  so  that  its 
edge  is  on  the  point  c  and  so  that  the  telescope  points  at  station  C. 
The  edge  of  the  alidade  should  again  pass  through  the  point  d;  the 
precision  with  which  it  does  so  forms  a  valuable  check  on  the  accuracy 
of  the  work  done. 

Explanation.  First  step:  alidade  on  c  a,  sighting  at  A.  Since 
ihe  instrument  is  at  D,  the  proper  direction  of  the  ahdade  when 
sighting  toward  A  should  he  d  a  and  would  be  so  if  the  table  were 
properly  oriented.  Therefore  the  orientation  is  in  error  by  the  angle 
a  to  the  right.  Second  step:  the  Hue  c  e,  which  should  have  the 
direction  c  e' ,  makes  the  angle  a  with  c  e' .,  In  other  words,  the  hne 
dh  e  makes  the  angle  a  with  e  c.  Third  step:  alidade  on  aCy  sighting 
at  C.  Since  the  instrument  is  at  D,  the  proper  direction  of  the 
alidade  w^hen  sighting  toward  C  should  be  d  c,  and  would  be  so  if  the 
table  were  properly  oriented.     Therefore  the  orientation  is  in  error 
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by  the  angle  ^  to  the  leji.  Fourth  step:  the  line  a  e  which  should 
have  the  direction  a  e" ,  makes  the  angle  ^  with  a  e" .  In  other  words 
the  line dh  c  makes  the  angle  ^  with  e  a.  Fifth  step :  d  lies  somewhere 
on  6  e  or  on  6  e  produced.  Since  the  table  can  be  accurately  oriented 
by  sighting  on  B  with  alidade  on  dh  c,  the  location  of  d  then  becomes 
easy  as  a  problem  in  ''resection"  by  turning  the  alidade  to  sight  at 
either  A  or  C.  The  alidade  will  intersect  d  h  at  d  and  thus  determine 
the  point.  The  student  should  note  that  as  d  approaches  the  circum- 
ference, e  approaches  b,  the  line  b  e  becomes  very  short  and  since  the 
solution  depends  on  drawing  b  e  accurately  in  direction,  it  becomes 
more  and  more  inaccurate  as  d  approaches  the  circumference.  When 
d  is  on  the  circumference,  e  will  coincide  with  b  and  the  solution  is 
indeterminate.  It  should  also  be  noted  that  d  and  e  are  interchange- 
able— i.e.,  if  e  were  the  unknown  point,  then  d,  determined  by  the 
intersection  of  a  d  and  c  d,  would  be  the  point  which,  when  joined  with 

b,  would  give  the  line  on  which  the  true  point  c  would  be  located,  e 
would  then  be  determined  by  resection  from  a  or  c. 

This  method  has  the  theoretical  inaccuracy  of  assuming  that 
lines  drawn  from  various  points  of  the  map  toward  a  distant  station 
are  parallel.  When  the  scale  is  very  large  the  error  might  be  appre- 
ciable with  the  most  careful  work,  but  ordinarily  it  is  impossible  to 
do  plane  table  work  with  sufficient  exactness  to  detect  an  error  due 
to  this  cause.  The  advantage  of  this  method  over  the  tracing  paper 
method  is  that  although  it  requires  the  drawing  on  the  paper  of  the 
hues  ae,be,  and  c  e,  which  are  otherwise  useless,  it  does  not  necessi- 
tate the  use  of  tracing  paper  which  might  prove  inaccurate  on  account 
of  slipping.  When  it  is  found  that  the  unknown  point  d  is  nearly,  if 
not  exactly,  on  the  circumference  of  a  circle  passing  through  a,  b  and 

c,  then  some  other  station  shoukl  l)e  substituted  for  a,  h  or  c,  and 
ordinarily  this  will  permit  the  problem  to  be  solved  with  sufficient 
accuracy. 

23.  Topographical  Signs.  There  is  a  very  great  advantage 
in  employing  colors  to  represent  the  topographical  signs,  but  if  a 
map  is  being  prepared  for  reproduction  it  is  impracticable  to  use 
colors  unless  it  is  designed  to  make  several  impressions,  one  in  each 
of  the  various  colors,  which  makes  a  very  expensive  map.  The  sys- 
tems of  topographical  signs  must  therefore  be  based  very  largely  on 
whether  colors  are  to  be  used  or  whether  the  whole  map  must  be  in 
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black.  When  one  individual  map  is  being  made,  it  is  almost  as  easy 
to  employ  colored  inks,  and  this  should  certainly  be  done  if  the  map 
is  designed  t6  represent  considerable  variety  of  detail.  Contour 
lines  are  usually  drawn  with  "burnt  sienna,"  a  yellowish-brown  color 
which  is  not  so  very  unlike  that  of  clay  and  which  is  quite  suggestive. 
In  spite  of  the  added  expense,  the  United  States  Geological  Survey 
maps  have  all  contours  printed  in  a  similar  color.  Similarly  water 
lines  are  usually  represented  with  blue  lines  if  color  is  employed. 
The  United  States  Geological  Survey  maps  represent  the  shores  of 
all  lakes,  rivers,  etc.,  with  blue  lines.  Even  the  smallest  streams 
which  are  represented  on  the  map  are  drawn  in  blue  even  though  it 
is  but  a  single  Hne,  and  swampy  districts  are  represented  by  a  suitable 
topographical  sign,  which  is  also  drawn  in  blue.  This  practice  per- 
mits an  instant  recognition  of  the  character  of  the  sign  and  prevents 
any  possible  confusion  of  mistaking  a  stream  hne  for  a  contour  line. 
Artificial  features  of  the  topography  are  represented  in  black.  By 
artificial  features  are  meant  anything  in  the  nature  of  constructions 
such  as  buildings,  railroads,  dams,  property  lines  or  political  boun- 
daries, etc.  As  stated  previously  under  ''scale  of  map,"  judgment 
should  be  shown  whether  to  endeavor  to  represent  the  actual  form 
of  buildings  to  their  proper  scale.  On  the  United  States  Geological 
Survey  maps  individual  dwelling  houses  are  usually  represented  by 
a  minute  square  of  black  even  when  the  scale  of  the  map  is  as  small 
as  one  mile  to  the  inch  (approximately).  Since  the  maps  are  drawn 
very  finely  and  the  squares  are  perhaps  not  more  than  y-J-g-  of  an  inch 
square,  they  do  not  necessarily  indicate  much,  if  any,  exaggeration. 
Of  course,  at  such  scale  no  attempt  is  made  to  give  the  exact  form  of 
the  building.  The  well  known  representation  of  a  railroad  by  a  sin- 
gle heavy  line  crossed  at  frequent  intervals  with  cross  lines  as  if  in 
imitation  of  cross  ties  is  always  recognizable.  ^Yhen  the  scale  is 
sufficiently  large,  say  100  feet  to  the  inch,  even  the  two  rails  may  be 
indicated  by  a  double  line  rather  than  a  single  hne.  Highways  are 
indicated  by  double  lines  which  should  be  spaced  at  approximately 
their  proper  width.  Since  a  neat  appearance  absolutely  requires  that 
these  lines  should  be  evenly  spaced  and  exactly  parallel,  it  is  prefer- 
able to  draw  these  lines  with  what  is  called  a  "road  pen,"  which  con- 
sists of  two  ruling  pens  whose  distance  apart  can  be  regulated  with 
a  screw.     Using  such  a  pen  even  a  rough  and  irregular  road  may  be 
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rapidly  drawn  in  so  that  both  Hnes  will  not  only  be  uniform,  but  are 
exactly  the  same  distance  apart  at  every  point. 

Some  instruction  books  have  been  published  with  very  elaborate 
systems  of  topographical  signs  to  represent  by  distinctive  signs  every 
conceivable  form  of  vegetation  and  also  to  denote  the  character  of 
different  kinds  of  factories,  mines  and  other  structures.  In  several 
cases  where  a  map  is  made  for  the  distinctive  purpose  of  denoting  the 
location  of  the  various  features  which  pertain  to  some  special  industry, 
these  special  topographical  signs  may  be  justifiable,  but  their  signifi- 
cance should  invariably  be  indicated  by  a  suitable  legend  inscribed 
on  some  part  of  the  map.  Although  every  surveyor  should  know 
the  significance  of  the  topographical  signs  which  are  used  to  indicate 
the  common  features  which  are  generally  found  on  every  map,  it  is 
useless  to  expect  that  the  special  and  little  used  topographical  signs 
will  be  familiar  to  all  engineers.  Plates  I  and  II  show  the  signs 
w^hich  have  been  adopted  by  government  use  and  which  therefore 
may  be  considered  as  standard.  No  others  should  be  placed  on  a 
map  without  some  lettering  on  the  map  to  indicate  their  character, 
especially  as  there  is  some  confusion  regarding  the  method  of  indi- 
cating some  of  the  more  uncommon  topographical  features. 

24.-  Lettering.  Many  a  map  which  is  otherwise  good  is 
spoiled  by  poor  lettering.  Part  III  of  Mechanical  Drawing  contains 
a  treatise  on  lettering,  and  therefore  such  instruction  will  not  be 
repeated  here,  since  this  course  forms  a  part  of  every  engineering 
course.  In  general  it  should  be  said  that  the  style  of  lettering  adopted 
should  be  simple  and  as  plain  as  possible.  No  fancy  lettering  should 
be  used  except  perhaps  in  the  title,  and  even  here  some  forms  of  fancy 
lettering  are  not  only  in  bad  taste  but  are  a  useless  waste  of  time  and 
skill.  The  illustrations  of  government  maps  herewith  given  should 
be  particularly  studied  with  reference  to  the  style  of  lettering  used 
for  different  topographical  features.  Where  much  lettering  is  neces- 
sary (for  example,  to  indicate  the  location  of  numerous  towns  on  a 
small  scale  map)  the  simplest  form  of  line  lettering  is  preferable. 
When  possible  all  lettering  should  run  horizontal  with  the  base  of 
the  map,  except  the  lettering  to  indicate  the  name  of  streams,  rail- 
roads, etc.,  which  should  follow  their  course.  The  spacing  between 
letters  used  to  indicate  the  names  of  streams  and  railroads  should 
likewise  be  strung  out  to  cover  a  considerable  part  of  the  length  of 
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the  stream  or  railroad  unless  that  spacing  would  be  so  great  as  to 
make  it  difficult  to  follow  the  continuity  of  the  letters.  The  Roman 
style  of  lettering  is  usually  adopted  on  government  work,  because  it 
is  the  best  in  spite  of  its  being  the  most  difficult  style  to  make  so  that 
it  looks  well.  The  student  should  cultivate  the  ability  to  make  let- 
tering in  this  style.  A  simple  form  of  line  lettering  is  infinitely 
preferable  to  an  attempt  at  fancy  lettering,  and  the  draftsman  must 
not  consider  that  he  is  qualified  to  do  lettering  until  he  can  make  good 
letters  at  least  in  this  simple  form. 

25.  Border  Line.  A  simple  border  Hne  which  consists  of  a 
single  heavy  line  of  uniform  width  w^ill  add  considerably  to  the  neat- 
ness of  a  map,  and  it  should  usually  be  made.  When  it  is  specially 
desired  to  attract  the  eye  of  non-technical  people,  as  in  the  case  of 
real  estate  maps,  which  are  made  to  look  as  attractive  as  possible  to 
catch  the  eye  of  a  possible  purchaser,  a  very  elaborate  border  line 
may  be  justifiable,  but  otherwise  it  must  be  considered  as  a  waste  of 
time  and  skill,  and  even  an  evidence  of  bad  taste.  It  sometimes  hap- 
pens that  a  farmer  will  think  a  great  deal  more  of  the  map  of  his  farm 
if  it  is  surrounded  by  an  elaborately  executed  border  line,  and  since 
it  is  policy  to  sell  to  a  man  what  he  wants  and  is  w^illing  to  pay  for,  it 
would  be  justifiable  in  such  cases  to  consult  a  book  on  lettering, 
which  usually  contains  various  specimens  of  border  lines,  meridian 
marks,  etc.,  which  will  set  off  a  map  and  make  it  look  very  pretty 
even  though  it  does  not  add  one  whit  to  its  real  value.  The  sheets 
issued  by  the  United  States  Geological  Survey  have  no  border  line, 
and  even  the  large  sheets  issued  by  the  United  States  Coast  and 
Geodetic  Survey  have  border  lines  which  are  simple  and  dignified  in 
character. 

26.  Drawing  Paper.  Considering  that  the  work  on  very 
large  maps  is  very  great  and  sometimes  requires  a  very  high  grade  of 
labor  for  weeks  and  even  months,  which  means  that  the  map  repre- 
sents an  expenditure  of  labor  worth  several  hundred  dollars,  it  is 
folly  to  lessen  the  value  of  the  map  by  using  a  cheap  grade  of  paper. 
A  good  quality  of  drawing  paper  should  be  quite  smooth  and  yet  of 
such  a  texture  that  pencil  lines  and  even  light  ink  lines  can  be  erased 
from  it  without  necessarily  destroying  the  surface  of  the  paper.  For 
some  kinds  of  work  where  but  very  little  penciling  is  required  and  such 
penciling  as  is  put  in  is  almost  entirely  covered  up  with  ink  lines,  it 
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may  be  desirable  to  use  Bristol  board,  since  its  surface  is  very  smooth 
and,  with  very  fine  pens,  work  may  be  done  which  is  almost  ecjual 
to  engraving,  but  Bristol  board  becomes  roughened  when  it  is  rubbed, 
and  therefore  it  should  not  be  used  when  many  construction  lines  are 
necessary  which  need  to  be  more  or  less  erased.     "Hot  pressed" 
Whatman's  paper  is  the  best  for  map  work,  since  it  is  smoothest  and 
it  can  be  obtained  in  large  sheets.     When  it  is  necessary  to  make  very 
large  maps  (four  feet  square  or  over)  it  is  advisable  to  have  the  paper 
"mounted"  on  linen.     This  becomes  almost  necessary  on  account 
of  its  greater  durabihty,  for  a  large  sheet  would  be  more  apt  to  be 
torn.     ^Manufacturers  of  drawing  paper  make  these  large  sheets  by 
pasting  smaller  sheets  together  on  the  mounting  of  linen,  the  joints 
being  beveled  and  carefully  rubbed  down  so  that  they  are  practically 
invisible  and  do  not  give  the  roughness  that  would  ordinarily  be  found 
with  an  ordinary  lap  joint.     Since  such  work  is  done  so  much  better 
by  the   manufacturers,  it  is  usually  preferable  to  leave  such  work 
in  their  hands.     When  it  is  absolutely  essential  for  one  to  do  his  own 
paper  mounting,  it  may  be  done  as  follows:    Stretch  the  cloth  on  a 
drawing  board,  if  a  sufficiently  large  one  can  be  found,  or  even  on  a 
smooth  floor,  and  tack  it  down  on  all  sides,  stretching  it  as  much  as 
possible,  so  that  it  is  perfectly  smooth.     Trim  the  edges  of  the  sheets 
of  paper  (say  four)  which  are  to  be  joined  together,  and  with  a  rubber 
grind  down  the  edges  which  are  to  form  the  joint  until  they  get  liter- 
ally to  a  feather  edge.    Cover  each  sheet  thoroughly  with  paste  and 
then  spread  it  on  the  cloth  as  smoothly  as  is  possible  in  its  puckered 
condition,  taking  special  care  that  the  edges  of  the  sheets  overlap 
properly  and  that  a  perfectly  smooth  joint  is  made.     Sometimes  a 
warm  flat  iron  may  be  successfully  used  while  the  paper  is  drying  to 
smooth  out  any  wrinkles  that  have  formed.     By  watching  the  paper 
during  the  process  of  drying  and  carefully  smoothing  out  wrinkles 
until  all  have  disappeared,  and  then  leaving  the  paper  for  at  least 
twenty-four  hours  until  it  is  perfectly  dry,  it  will  usually  be  found 
that  the  sheet  will  be  perfectly  smooth  when  it  has  dried.     Only  the 
best  quaHty  of  paper  should  be  used  for  such  a  purpose. 

DRAWING    INSTRUMENTS. 

The  chief  drawing  instruments  required  for  toj)ographical  work 
are  very  few  and  simple.     A  protracto",  a  scale  and  a  straight  edge, 
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with  pens  and  pencils,  almost  comprise  the  list — except  a  few  instru- 
ments which  are  used  for  special  purposes. 

27.  Protractor.  The  choice  of  a  protractor  has  already  been 
discussed  and  it  was  pointed  out  that  the  very  small  metal  protractor 
frequently  included  with  a  set  of  drawing  instruments  is  almost  use- 
less for  any  practical  purpose.  It  is  so  small  that  it  is  impossible 
to  use  it  with  any  degree  of  accuracy.  Celluloid  or  ''xylonite"  pro- 
tractors with  a  diameter  of  6  inches  are  very  useful  for  plotting  topog- 
raphy when  the  scale  of  the  map  is  such  that  the  length  of  the  lines 
plotted  is  not  more  than  5  or  6  inches,  or  say  twice  the  radius. 
Paper  protractors,  14  inches  in  diameter,  printed  on  Bristol  board, 
which  can  be  bought  for  40  cents,  are  much  more  useful,  and  with 
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Fig.  18.    Colby's  Protractor. 

reasonable  care  will  last  long  enough  to  fully  pay  for  their  cost. 
Colby's  protractor  has  the  advantage  that  it  can  be  permanently 
fixed  on  the  paper  by  means  of  weights  resting  on  the  ears  that  pro- 
ject from  the  circle  and  a  very  large  number  of  points  may  be  plotted 
from  one  station  without  the  wearisome  endeavor  to  hold  an  ordinarv 
protractor  continuously  in  a  fixed  place.  Additional  scales  can  be 
attached  to  the  central  rotating  plane  so  that  any  point  can  be  imme- 
diately plotted  at  its  proper  distance  from  the  center  unless  it  hap- 
pens  to   lie    immediately  under  the  circular  part  of  the  protractor. 
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The  instruments  c6st  about  $60  with  $3.50  extra  for  extra  scales. 
Metal  protractors  of  the  Crozet  type  have  the  very  great  ad- 
vantage that  they  can  be  used  in  connection  with  a  T-square  and 
do  not  need  to  be  centered  over  the  station  point.  After  setting 
the  protractor  at  the  proper  angle,  it  is  only  necessary  to  slip  it 
along  the  T-square  or  along  the  fixed  straight  edge,  which  has 
been  properly  clamped  on  the  board,  and  when  any  point  of  the 
fiducial  edge  of  the  protractor  reaches  the  given  station,  a  line  may 
be  drawn  through  the  station  at  the  desired  angle.  Some  of  these 
protractors  are  made  with  vernier  and  slow  motion  screws,  so 
that  they  will  read  single  minutes  of  arc,  but  it  requires  a  degree 
of  accuracy  in  the  drafting  work,  which  is  seldom,  if  ever,  attained 


Fig.  19.    The  Crozet  Protractor. 


to  draw  the  lines  as  accurately  as  this  implies.  Such  a  protractor 
costs  about  $40.  The  Darling,  Brown  and  Sharpe  protractor  works 
on  the  same  fundamental  principles  as  the  Crozet  protractor;  it 
has  a  vernier  reading  to  5  minutes  of  arc  and  costs  only  $6.50.  It 
is  practically  as  useful  and  as  accurate  as  the  more  expensive  forms. 
28.  Scales.  Usually  "decimal"  scales  are  used  for  plotting 
topographical  work,  since  the  maps  are  frequently  drawn  on  a  scale 
of  100  feet,  200  feet,  400  feet,  or  500  feet  per  inch.  Therefore  a  "tri- 
angular" decimal  scale  with  its  six  scales  graduated  to  10,  20,  30,  40, 
50  and  60  parts  per  inch  is  in  general  the  most  useful  for  that  purpose. 
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Even  if  dimensions  are  scaled  off  in  hundredths  of  an  inch,  the  sim- 
plest plan  is  to  use  the  **50"  scale  in  which  each  division  means  gV  "= 
.02  inch.  When  maps  are  drawn  to  some  special  scale,  as  for  example, 
1:  125000,  or  1:  62500,  it  will  facilitate  the  work  (and  it  will  be  justi- 
fiable) to  construct  special  scales  which  will  permit  the  distance  in  feet 
as  measured  in  the  field  to  be  scaled  off  directly  on  the  map.  There  is 
a  theoretical  argument  in  favor  of  using  paper  scales,  the  argument 
being  that  the  paper  of  the  map  and  the  paper  scales  will  vary  equally 
with  changes  in  the  hygrometric  conditions  of  the  atmosphere.  But 
it  must  be  considered  that  these  changes  are  very  small  and  almost 


Fig.  20.    Steel  Protractor. 

insignificant  unless  dampness  of  the  atmosphere  is  so  great  that  the 
paper  of  the  map  becomes  positively  puckered,  and  under  such  con- 
ditions it  is  perhaps  inadvisable  to  attempt  to  do  any  work.  Also 
unless  the  paper  scale  was  made  of  the  same  quality  of  paper  as  the 
map,  which  is  not  very  likely,  the  coefficient  would  not  be  the  same. 
It  is  thus  seen  that  the  advantages  of  using  paper  scales  are  more 
fancied  than  real,  while  their  disadvantages  are  many,  ^^^lere  the 
work  to  be  done  is  very  extensive  and  it  must  all  be  done  at  the  same 
scale,  there  is  a  considerable  advantage  in  using  a  "flat"  scale  rather 
than  a  "triangular"  scale,  since  under  such  conditions  the  five  other 
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scales  of  the  triangular  scale  are  useless  and  a  blunder  is  frequently 
caused  by  inadvertently  using  the  wrong  scale.  Metal  scales  have 
the  advantage  of  extreme  durability  but  the  disadvantage  of  tending 
to  soil  the  paper.  The  boxwood  scales  having  a  natural  wood  color 
are  the  most  common,  but  they  grow  darker  with  age  and  with  hand- 
ling and  the  graduations  become  so  dim  that  it  is  difficult  to  use  them. 
Ivory  scales  are  very  liable  to  warp  and  shrink,  and  although  they 
have  the  advantage  of  distinctness  and  a  neat  appearance,  their  ten- 
dency to  warp  is  a  decided  disadvantage.  Probably  the  best  scales 
are  those  which  are  made  of  boxwood  but  which  have  the  beveled 
edges  covered  with  a  material  which  resembles  ivory,  which  perma- 
nently remains  white,  and  which  does  not  shrink  as  ivory  does. 

29.  Straight=Edge.  It  is  not  a  good  plan  to  use  the  edge  of 
the  scale  as  a  straight-edge.  The  rubbing  of  the  pencil  over  the  edge 
of  the  scale  will  soil  it.  It  is  always  better  to  have  two  triangles,  so 
that  lines  at  right  angles  may  be  readily  drawn  in  as  is  necessary  in 
showing  the  sides  of  buildings.  A  very  long  straight-edge  is  occa- 
sionally necessary.  When  a  very  long  line  is  to  be  drawn  perfectly 
straight  and  no  straight-edge  of  that  length  is  at  hand,  the  line  may 
be  drawn  by  stretching  a  silk  thread  between  the  two  terminal  points 
and  then  marking,  with  a  pencil,  points  at  such  frequent  intervals 
that  the  small  straight-edge  available  may  span  those  distances.  It 
is  needless  to  say  that  extreme  care  is  absolutely  essential  in  drawing 
a  line  by  this  method.  Even  well-made  straight-edges  may  become 
warped  and  lose  their  straightness.  To  test  a  straight-edge,  carefully 
draw  a  line  with  it  and  reverse  the  straight-edge  end  to  end  and  note 
how  closely  it  coincides  with  the  line  drawn.  If  no  error  is  observable, 
the  edge  is  probably  straight,  but  it  is  conceivable  that  a  straight-edge 
might  not  be  straight  and  yet  stand  this  test,  for  the  edge  might  have 
a  form  somewhat  similar  to  an  S,  that  is,  it  might  be  curved  symmet- 
rically about  its  center  so  that  when  reversed  the  edge  would  again 
coincide  with  the  line  drawn,  but  this  is  a  very  improbable  condition. 

30.  Pens  and  Pencils.  The  lead  used  in  the  pencils  should 
be  of  good  quality  and  should  be  neither  too  hard  nor  too  soft.  A 
very  soft  pencil  will  have  its  point  worn  off  very  rapidly  and  the  lead 
will  smudge  the  paper.  If  the  lead  is  too  hard,  it  requires  so  much 
pressure  on  the  paper  to  produce  a  visible  mark  that  the  paper  is 
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actually  indented,  and  if  it  becomes  necessary  to  erase  the  line,  the 
paper  is  indelibly  impressed  with  a  groove  where  the  line  was  drawn. 
It  is  therefore  necessary  that  all  lines  and  marks  should  be  drawn 
with  a  very  light  pressure  of  the  pencil,  which  practically  requires 
that  the  lead  should  be  soft  enough  so  that  even  a  light  pressure  will 


Fig.  21.    Three- Armed  Protractor, 

make  a  mark  that  is  easily  visible.  Although  some  of  the  inking 
work  is  done  with  a  ruling  pen,  the  great  bulk  of  topographical  map>- 
ping  is  done  with  a  nib  pen.  The  pen  should  be  sharply  pointed, 
so  that  it  is  capable  of  making  a  very  fine  line.  Although  much  of 
such  work  is  done  with  "crow  quill"  pens,  a  larger  pen  (say  Giliott's 
No.  303)  will  serve  equally  wel'  and  in  some  respects  is  more  useful. 
The  rubber  used  should  be  a  soft  rubber  rather  than  hard,  since  hard 
rubber  will  scratch  the  paper.  A  "sponge  rubber"  to  clean  the  draw- 
ing when  it  is  finished  is  almost  a  necessity. 

31.  Three=Armed  Protractor.  Among  the  special  drawing 
instruments  which  are  occasionally  needed  is  a  "three-armed  pro- 
tractor."    This  instrument  is  used  when  plotting  points  which  have 
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been  observed  on  the  principle  of  the  ''three-point  problem."  The 
instrument  consists  essentially  of  a  protractor  having  one  fixed  arm 
and  two  movable  arms  which  may  be  set  at  the  two  given  angles  with 
the  middle  arm.  Then 
when  the  fiducial  edges 
of  these  three  arms  are 
simultaneously  placed  on 
the  three  given  points, 
the  center  of  the  instru- 
ment must  be  located  at 
the  point  which  represents  on  the  map  the  point  from  which  obser- 
vations were  taken,  and  this  point  is  pricked  through  the  center 
of  the  instrument.  As  previously  explained,  the  operation  of  this 
instrument  depends  on  the  fundamental  principle  that  (unless  the 
point  to  be  located  happens  to  lie  in  the  circumference  of  the  circle 
which  passes  through  the  three  given  points  sighted  at)  there  is 
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Fig.  22.    Principle  of  Pantograph. 


Fig.  23.    Wooden  I'liutograph. 

only  one  position  from  which  it  is  possible  to  draw  three  lines  which 
make  the  given  angles  with  each  other  through  those  three  points. 
The  angles  are  therefore  laid  off  by  moving  the  two  outer  arms  so 
that  they  make  the  required  angle  with  the  middle  fixed  arm ;  then 
with  the  arms  clamped  in  position,  the  whole  instrument  is  shifted 
around  on  the  paper  until  the  fiducial  edges  of  the  rules  simultaneously 
pass  through  the  three  fixed  points.  It  is  needless  to  say  that  great  care 
and  accuracy  is  necessary,  and  especially  so  if  the  point  to  be  deter- 
mined lies  near  the  circumference  of  the  circle  passing  through  the 
three  fixed  points,  for  it  will  be  found  that  a  very  slight  inaccuracy 
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Showing  leading  topographical  features  of  land  surface,  both  above  water  and  submerged.    Note  sound- 
ings and  fathom  contoiu*  lines.     For  preliminary  stages  in  preparation  of  this  chart,  see  pages  26  and  42. 
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will  cause  a  considerable  variation  in  the  location  of  the  unknown 
point;  or  in  other  words,  there  will  be  a  considerable  area  from  any 
point  of  which  the  three  lines  will  pass 
approximately  through  the  three  fixed  points. 
32.  Pantograph.  The  pantograph  is 
a  very  useful  and  essential  instrument  when 
drawings  are  to  be  re-drawn  on  a  different 
scale.  It  frequently  happens  that  field  draw- 
ings, especially  when  made  with  plane  table, 
are  drawn  to  a  larger  scale  than  is  used  for 
the  final  engraved  maps.  The  principle  of 
the  pantograph  is  as  shown  in  Fig.  22,  where 
F  represents  the  fixed  point,  T  a  tracing 
point  and  P  a  pencil  or  marker.  F,  T  and 
P  must  always  be  in  a  straight  line.  F  c  T 
and  Fh  P  must  always  be  similar  triangles. 
In  this  instrument  they  are  isosceles  trian- 
gles, ah  c  T  is  always  a  parallelogram. 
The  ratio  P  F :  T  F  \s  the  ratio  of  en- 
largement. To  reduce,  transpose  P  and 
T;  i.e.,  the  marker  "will  be  placed  at  T 
and  the  tracer  at  P.  The  diagram  shows 
the  fundamental  principles,  but  in  practice 
accuracy  requires  very  fine  workmanship  and 
an  expensive  instrument.  Very  simple  in- 
struments are  sometimes  made  by  combining 
four  sticks  as  shown  in  the  sketch,  using 
rivets  at  the  joints,  but  the  friction  of  the 
joints  makes  such  simple  instruments  inac- 
curate. Fig.  23  shows  an  instrument  in  this 
simple  form,  which  may  be  bought  for  SI. 75. 
Fig  24  shows  another  instrument  called  a 
precision  pantograph,  which  has  the  same  i^uiT  _.^  \\ 
essential  geometrical  principle,  although  the 
mechanical   construction   has   a    somewhat 

different  outline  and  the  material,  which  is  '^s-  24.  Metai  Pantograph, 
entirely  of  metal,  has  the  very  finest  quality  of  workmanship.     The 
cost  varies  with  the  ler.gth  of  the  bars,  from  $155  to  $165. 
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SS.  Stadia  Slide  Rules.  Figs.  25,  20,  27  show  three  forms 
of  stadia  slide  rules,  the  use  of  which  is  described  in  Sections  15  and 
10.  iVny  surveyor  who  has  any  great  amount  of  stadia  surveying 
to  do  will  be  wise  to  utilize  the  stadia  slide  rule  to  facilitate  the  stadia 
reduction,  since  the  cost  of  the  instrument  is  saved  in  a  very  few  days 
and  the  money  necessarily  wasted  by  a  neglect  to  employ  this  device 
is  very  false  economy. 

34.  Polar  Planimeter.  This  instrument  is  used  to  measure 
directly  from  any  drawing  the  area  of  a  given  figure  no  matter  how 
irregular  it  may  be.     Although  they  are  somewhat  expensive,  the 
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Fig.  25.    Colby's  Stadia  Slide  Rule. 
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Fig.  26.    K.  &  E.  Stadia  Slide  Rule. 


I'ig.  27.     Webb's  Stadia  Slide  Rule. 

one  illustrated  in  Fig.  2S  costing  $28,  they  are  capable  of  marvellous 
exactness,  and,  considering  the  simplicity  of  their  mechanism,  it  is  a 
wonderful  mathematical  invention  that  such  a  simple  mechanism 
would  permit  the  recording  on  an  index  of  the  exact  area  of  an  irregu- 
lar figure  simply  by  tracing  the  pointer  around  the  perimeter  of  the 
figure  no  matter  how  irregular  it  may  be.  The  polar  planimeter, 
as  its  name  implies,  is  worked  around  some  fixed  point,  called  the 
"pole",  which  in  practice  means  a  needle  point  having  a  shoulder 
which  is  pricked  into  the  paper  exactly  as  is  done  with  the  needle 
point  of  a  compass.  The  planimeter  consists  of  two  arms,  the  pole 
arm,  which  carries  the  fixed  point  and  which  is  hinged  to  the  tracer 
arm,  which  carries  the  tracing  point  and  the  measuring  wheel  with 
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the  mechanism  for  indicating  the  area.  The  hinge  will  permit  the 
tracing  point  to  be  moved  away  from  the  pole  by  an  amount  nearly 
equal  to  the  combined  length  of  the  two  arms,  and  if  it  is  possible 
to  fix  the  pole  at  some  point  from  which  every  point  in  the  perimeter 
of  the  figure  may  be  reached  by  the  tracer,  then  the  area  of  the  figure 
may  be  computed  by  a  single  setting  of  the  instrument.  If  the  figure 
is  too  large  for  this,  then  the  area  may  be  divided  by  lines,  which  are 
preferably  straight,  although  not  necessarily  so,  into  two  or  more 
partial  areas,  and  the  area  of  each  section  may  be  separately  computed. 
Perhaps  the  most  common  use  of  the  polar  planimeter  is  to  compute 
the  area  of  indicator  cards.  This  has  already  been  described  in  the 
course  of  instruction  in  steam  engineering  under  the  title  "Steam 


Fig.  28.    Polar  Planimeter. 

Engine  In  licators",  but  the  instrument  also  has  another  important 
u.se  in  the  measurement  of  irregular  ground  areas,  especially  those 
which  have  been  plotted  by  stadia  methods  rather  than  by  the  courses 
and  distances  of  the  boundary  lines  and  which  therefore  cannot  be 
computed  bv  the  common  rule  of  a  summation  of  products  of  latitudes 
and  departures.  It  is  thus  possible  to  compute  an  area  by  surveying 
it  rapidly  by  the  stadia  method,  plotting  it  with  desired  accuracy  at 
a  suitable  scale  and  then  measuring  the  area  with  a  polar  planimeter. 
THEORY  OF  THE  POLAR  PLANIMETER. 
I.  Zero  Circle.  AMien  the  planimeter  is  in  the  position 
P  H  W  C,  Fig.  29,  the  plane  of  the  wheel,  which  is  perpendicular  to 
the  axis  P  H,  passes  through  C.  If  the  instrument  is  revolved  about 
C,  with  the  angle  W  H  C  {  =  %)  always  cmistani,  the  motion  of  the 
wheel  over  the  paper  will  have  no  component  in  the  direction  of  its 
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Fig.  29.    Polar  Planimeter  Diagram. 


plane  and  the  wheel  will  not  revolve.     The  pointer  in  this  position 
describes  the  "zero  circle". 

2.  Combined  Sliding:  -^  ^ 
and  Rolling.  When  the 
planimeter  is  in  the  position 
P'  H'  W  C  and  is  revolved 
about  C,  with  the  angle 
W  H'  C  {=  a^)  always  con- 
sta7it,  the  wheel  will  have 
a  combined  sliding  and  roll- 
ing motion.  For  an  infini- 
tesimal movement  W^  b  the 
wheel  will  roll  an  amount 
W^  a  and  slide  perpendicu- 
lar to  its  plane  an  amount 
a  b.  When  rolling  in  this 
direction,  the  movement  is 
called  negative. 

3.  Radial  Motion.  When  the  point  P  is  moved  from  P  to 
P',  the  wheel  W  will  both  slide  and  roll,  but  its  rolling  will  all  be  in 
a  negative  direction. 

4.  Reversed  Radial  Motion.  If  the  pointer  were  to  move 
back  from  P'  to  P  the  wheel  would  again  slide  and  roll  in 
precisely  the  same  amounts  but  in  contrary  directions,  and  when 
it  reached  P  it  would  have  identically  the  same  position  and  the 
reading  of  the  index  would  be  identical  with  the  previous  read- 
ing at  P. 

5.  If  the  pointer  were  to  move  from  c  to  d,  the  amount  and 
direction  of  both  the  slipping  and  rolling  would  be  the  same  as  when 
it  moved  from  P'  to  P. 

6.  If  the  pointer  were  to  start  from  P,  move  to  P',  thence  to  e, 
thence  to  d,  and  thence  back  to  P,  the  resultant  rolling  of  the  wheel 
is  the  same  as  that  for  the  line  P'  e  alone;  for  the  rolling  for  d  P  is 
zero  (1[  1)  and  the  rolling  for  P  P'  will  be  just  neutralized  by  that  for 
e  d.     (If's  3,  4  and  5.) 

7.  Therefore  when  the  pointer  is  moved  to  the  right  on  the  arc 
of  a  circle  within  the  zero  circle  about  C  as  a  center  the  indication  is 
negative  and  is  the  same  as  if  the  pointer  moved  around  the  area 
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included  between  the  arc,  the  corresponding  arc  of  the  zero  circle, 
and  the  including  radii. 

8.  If  the  pointer  moved  in  the  opposite  direction  the  indication 
would  be  the  same  in  amount  but  positive. 

9.  By  similar  demonstrations,  similar  facts  may  be  shown  for 
any  other  elementary  area  except  that 

(a)    when  the  pointer  is  outside  the  zero  circle  and  moving  to 

the  right,  the  indication  is  positive,  and 
(6)    when  outside  and  moving  to  the  left,  the  indication  is 

negative. 

10.  The  perimeter 
of  any  area  may  be  con- 
sidered as  made  up  of  a 
combination  of  infinitesi- 
mal arcs  and  radial  lines 
having  the  fixed  point  of 
the  planimeter  as  center. 
Its  total  area  is  the 
algebraic  sum  of  all  the 
infinitesimal  areas  lying 
between  each  arc  and  the 
zero  circle. 

11.  If  the  pointer 
of  the  planimeter  moves 
around  each  infinitesimal 

area  in  turn  in  such  manner  that  when  moving  on  the  perimeter  it 
moves  in  the  same  direction  as  though  moving  continuously  around 
the  perimeter  only,  the  pointer  will  move  over  all  interior  lines  an 
even  number  of  times  in  opposite  directions.  Therefore  the  accumulated 
registration  of  the  wheel  will  be  the  same  as  though  it  moved  on  the 
perimeter  only,  for  all  registrations  on  interior  lines  will  be  nuetrahzed 
by  the  ec[ual  motion  on  them  in  opposite  directions,     (^['s  4  and  6.) 

12.  Referring  to  Fig.  29,  Fe  =  CP'  X  ff  = 

l^m'  -Vr-\'2ml  cos  a^  X  P. 
C  W  X  yS.     The  rolling  of  the  wheel  =  W'a  {\  2). 
W'h  X  W'h       ,  _    .        W'h 


ill///.,,  ^,  w-' 

l,l//iA,  ^-'^•y^ 


Fig.  30.    Irregular  Figure  Divided  Into 
Elementary  Radial  Areas. 


Wa 


CW 


=  {n  -  m  cos  aj  fi,  since 


CW 


^ 


and  W'h  =  (n  -  m  cos  a) 


^ 
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Area  P  P'  e  d  =-  -y  (P  0  X  /3)  P'C  —l-iP'C  X  /3)  P'C 


1 


P  {PC  -  P'C) 


{rtr  -  rr)  -  \ 

/"  4-  2ml  cos  a,)/ 


^=  /3/  (n  -  m  cos  a,) 

=  Z  X  TPa  (i.e.,  Z  times  the  rollingof  the  wheel.) 
13.  When  the  pointer  moves  around  an  elementary  area 
bounded  by  an  arc,  by  the  corresponding  arc  of  the  zero  circle  and 
by  the  two  bounding  radial  lines  (all  having  "C"  as  center)  the  re- 
sultant motion  of  the  wheel  is  the  same  as  though  it  moved  on  the 


Fig.  31 .    Fixed  Center  Inside  Area. 

arc  alone  (^  G);  the  wheel  rolls  a  distance  equal  to  the  area  divided 
by  *'/"  (^  12).  If  it  moved  in  turn  around  each  elementary  area  of 
a  large  area,  the  resultant  motion  of  the  wheel  would  be  the  same  as 
though  it  moved  continuously  around  the  perimeter  of  the  larger  area 
{^s  10,  11)  and  therefore  the  total  resultant  motion  of  the  wheel  will 
equal  the  area  of  the  figure  divided  by  ''/". 

14.  Therefore  if  c  =  the  circumference  of  the  wheel,  7i  the 
number  of  turns  recorded  by  the  index,  and  /  the  h  ngth  of  the  arm 
from  H  to  P,  then  Area  ^=  I  nc. 
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i5.  Fixed  Center  Inside  the  Figure.  If  the  pointer  is 
moved  around  the  perimeter  A,  Fig.  31,  to  the  right,  the  indication 
will  be  positive  (^  9)  but  will  indicate  only  the  area  between  A  and 
the  zero  circle.     Therefore  the  total  area  will  equal  the  indicated  area 

(/  n  c)  plus  the  area  of  the  zero  circle  (7r(m'  +  f-r2nZ)).   If 

the  pointer  is  moved  to  the  right  around  perimeter  B,  the  record  will 
be  negative  (^  9)  and  will  correspond  to  the  area  between  B  and  the 
zero  circle.  Therefore  the  algebraic  sum  (the  numerical  difference) 
of  the  record  reading  and  the  area  of  the  zero  circle  will  give  the  true 
area  of  B. 

i6.  General  Rule.  Always  move  the  pointer  to  the  right. 
If  "C",  the  pole,  is  within  the  figure,  add  the  area  of  the  zero  circle 
(algebraically)  to  the  indicated  result.  If  the  pole  is  outside  the 
figure  the  area  is  given  by  the  product  Inc.  The  scale  on  the 
recording  wheel  is  so  graduated  as  to  give  the  result  directly.  The 
area  of  the  zero  circle  is  usually  indicated  on  the  instrument,  but  it 
may  be  determined  experimentally  by  finding  the  distance  from  the 
pointer  to  the  fixed  center,  which  will  cause  no  rotation  of  the  index 
wheel  when  the  pointer  is  swung  about  the  center.  This  is  the 
radius  of  tlie  zero  circle.  Its  area  should  be  reduced  to  the  scafc 
of  the  drawing. 
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TABLE    I. 


Horizontal  Distances  and  Elevations  from 

Stadia 

Readings. 

0° 

1° 

20 

3° 

Minutes 

Hor. 
Dist. 

100.00 

Dlff. 
Elev. 

Hor. 
Dist. 

Dlff. 
Elev. 

Hor. 
Dist. 

Dlff. 
Elev. 

Hor. 
Dist. 

Dlff. 
Elev. 

0 

0.00 

99.97 

1.74 

99.88 

3.49 

99.73 

5.23 

2 

1 100.00 

0.06 

99.97 

1.80 

99.87 

3.55 

99.72 

5.28 

4 

100.00 

0.12 

99.97 

1.86 

99.87 

3.60 

99.71 

5.34 

6 

100.00 

0.17 

99.96 

1.92 

99.87 

3.66 

99.71 

5.40 

8 

100.00 

0.23 

99.96 

1.98 

99.86 

3.72 

99.70 

5.46 

10 

100.00 

0.29 

99.96 

2.04 

99.86 

3.78 

99.69 

5.52 

12 

100.00 

0.35 

99.96 

2.09 

99.85 

3.84 

99.69 

5.57 

14 

100.00 

0.41 

99.95 

2.15 

99.85 

3.90 

99.68 

5.63 

16 

100.00 

0.47 

99.95 

2.21 

99.84 

3.95 

99.68 

5.69 

18 

100.00 

0.52 

99.95 

2.27 

99.84 

4.01 

99.67 

5.75 

20 

100.00 

0.58 

99.95 

2.33 

99.83 

4.07 

99.66 

5.80 

22 

100.00 

0.64 

99.94 

2.38 

99.83 

4.13 

99.66 

5.86 

24 

100.00 

0.70 

99.94 

2.44 

99.82 

4.18 

99.65 

5.92 

26 

99.99 

0.76 

99.94 

2.50 

99.82 

4.24 

99.64 

5.98 

28 

99.99 

0.81 

99.93 

2.56 

99.81 

4.30 

99.63 

6.04 

30 

99.99 

0.87 

99.93 

2.62 

99.81 

4.36 

99.63 

6.09 

32 

99.99 

0.93 

99.93 

2.67 

99.80 

4.42 

99.62 

6.15 

34 

99.99 

0.99 

99.93 

2.73 

99.80 

4.48 

99.62 

6.21 

36 

.  99.99 

1.05 

99.92 

2.79 

99.79 

4.53 

99.61 

6.27 

38 

99.99 

1.11 

99.92 

2.85 

99.79 

4.59 

99.60 

6.33 

40 

99.99 

1.16 

99.92 

2.91 

99.78 

4.65 

99.59 

6.38 

42 

99.99 

1.22 

99.91 

2.97 

99.78 

4.71 

99.59 

6.44 

44 

99.98 

1.28 

99.91 

3.02 

99.77 

4.76 

99.58 

6.50 

46 

99.98 

1.34 

99.90 

3.08 

99.77 

4.82 

99.57 

6.56 

48     . 

99.98 

1.40 

99.90 

3.14 

99.76 

4.88 

99.56 

6.61 

50 

99.98 

1.45 

99.90 

3.20 

99.76 

4.94 

99.56 

6.67 

52 

99.98 

1.51 

99.89 

3.^6 

99.75 

4.99 

99.55 

6.73 

54 

99.98 

1.57 

99.89 

3.31 

99.74 

5.05 

99.54 

6.78 

56 

99.97 

1.63 

99.89 

3.37 

99.74 

5.11 

99.53 

6.84 

58 

99.97 

1.69 

99.88 

3.43 

99.73 

5.17 

99.52 

6.90 

60 

99.97 

1.74 

99.88 

3.49 

99.73 

-5.23 

99.51 

6.96 

(f+c)=0.75 

'0.75' 

0.01 

0.75 

0.02 

0.75 

iToo' 

0.03 
0.04 

0.75 

0.05 

(f+c)=1.00 

1.00 

1.25 

0.01 
0.02 

1.00 

0.03  i 

1.00 

0.06 

(f+c)  =  1.25 

1.25 

0.03  ;     1.25  1 

0.05 

1.25 

0.08 
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TABLE  I. 

(Continued.) 

Horizontal  Distances  and  Elevations  from  Stadia  Readings. 

4°                  1                  5^ 

6> 

70 

Minutes 

Hor. 

Diff.     1     Hor. 

Diff. 

Hor. 

Dili. 

Hor. 

Diff. 

Dist. 

Elev. 

1  mst. 

Elev. 

Dist. 

Elev. 

Dist. 

Elev. 

0 

99.51 

j      6.96 

99.24 

8.68 

98.91 

10.40 

98.51 

12.10 

2 

99.51 

7.02 

99.23 

8.74 

98.90 

10.45 

98.50 

12.15 

4 

99.50 

7.07 

99.22 

8.80 

98.88 

10.51 

98.48 

12.21 

6 

99.49 

7.13 

99.21 

8.85 

98.87 

10.57 

98.47 

12.26 

8 

99.48 

7.19 

88.20 

8.91 

98.86 

10.62 

98.46 

12.32 

10 

99.47 

7.25 

99.19 

8.97 

98.85 

10.68 

98.44 

12.38 

12 

99.46 

7.30 

99.18 

9.03 

98.83 

10.74 

98.43 

12.43 

14 

99.46 

7.36 

99.17 

9.08 

98.82 

10.79 

98.41 

12.49 

16 

99.45 

7.42 

99.16 

9.14 

98.81 

10.85 

98.40 

12.55 

18 

99.44 

7.48 

99.15 

9.20 

98.80 

10.91 

98.39 

12.60 

20 

99.43 

7^3 

99.14 

9.25 

98.78 

10.96 

98.37 

12.66 

22 

99.42 

7.59 

99.13 

9.31 

98.77 

11.02 

98.36 

12.72 

24 

99.41 

7.65 

99.11 

9.37 

9S.76 

11.08 

98.34 

12.77 

26 

99.40 

7.71 

99.10 

0.43 

98.74 

11.13 

98.33 

12.83 

28 

99.39 

7.76 

99.09 

9.48 

98.73 

11.19 

98.31 

12.88 

80 

99.38 

7.82 

99.08 

9.54 

98.72 

11.25 

98.29 

12.94 

32 

99.38 

7.88 

99.07 

9.60 

98.71 

11.30 

98.28 

13.00 

34 

99.37 

7.94 

99.06 

9.65 

98.69 

11.36 

98.27 

13.05 

36 

99.36 

7.99 

99.05 

9.71 

98.68 

11.42 

98.25 

1.3.11 

38 

99.35 

8.05 

99.04 

9.77 

98.67 

11.47 

98.24 

13.17 

40 

99.34 

8.11 

99.03 

9.83 

98.65 

11.53 

98.22 

12.22 

42 

99.33 

8.17 

99.01 

9.88 

98.64 

11.59 

98.20 

13.28 

44 

99.32 

8.22 

99.00 

9.94 

9S.63 

11.64 

98.19 

13.33 

46 

99.31 

8.28 

98.99 

10.00 

98.61 

11.70 

98.17 

13.39 

48 

99.30 

8.34 

98.98 

10.05 

98.60 

11.76 

98.16 

12.45 

50 

99.29 

8.40 

98.97 

10.11 

98.58 

11.81 

98.14 

13.50 

52 

99.28 

8.45 

98.96 

10.17 

98.57 

11.87 

98.13 

13.56 

54 

99.27 

8.51 

98.94 

10.22 

98.56 

11.93 

98.11 

13.61 

56 

99.26 

8.57 

98.93 

10.28 

98.54 

11.98 

98.10 

13.67 

58 

99.25 

8.63 

98.92 

10.34 

98.53 

12.04 

98.08 

13.73 

60 

99.24 

8.68 

98.91 

10.40 

98.51 

12.10 

98.06    13.78 

(f+c)=:0.75 

0.75 

0.06  1    0.75 

0.07 

0.75 

0.08 

0.74!    0.10 

(fH-c)=1.00 

1.00 

0.08  1    0.99 

0.09 

0.99 

0.11 

0.99 

0.13 

(f+c)  =  1.25 

1.25 

0.10  !    1.24 

0.11  i    1.24  1 

0.14 

1.24  1    0.16 

67 


58 


PLOTTING  AND  TOPOGRAPHY 


TABLE  I. 

(Continued.) 

Horizontal  Distances  and  Elevations  from  Stadia  Readings. 


8° 

9^ 

10° 

1           11° 

Miuutes 

Hor. 

Diff. 

Hor. 

Diff. 

Hor. 

Diff. 

Hor. 

Diff. 

Dist. 

Elev. 

13.78 

Dist. 

Elev. 

^  Dist. 

Elev. 

Dist. 

Elev. 

0 

98.06 

97.55 

15.45 

96.98 

17.10 

96.36 

18.73 

2 

98.05 

13.84 

97.53 

15.51 

96.96 

17.16 

96.34 

18.78 

4 

98.03 

13.89 

97.52 

15.56 

96.94 

17.21 

96.32 

18.84 

6 

98.01 

13.95 

97.50 

15.62 

96.92 

17.26 

96.29 

18.89 

8 

98.00 

14.01 

97.48 

15.67 

96.90 

17.32 

96.27 

18.95 

10 

97.98 

14.06 

97.46 

15.73 

96.88 

17.37 

96.25 

19.00 

12 

97.97 

14.12 

97.44 

15.78 

96.86 

17.43 

96.23 

19.05 

14 

97.95 

14.17 

97.43 

15.84 

96.84 

17.48 

96.21 

19.11 

16 

97.93 

14.23 

97.41 

15.89 

96.82 

17.54 

96.18 

19.16 

18 

97.92 

14.28 

97.39 

15.95 

96.80 

17.59 

96.16 

19.21 

20 

97.90 

14.34 

97.37 

16.00 

96.78 

17.65 

96.14 

19.27 

22 

97.88 

14.40 

97.35 

16.06 

96.76 

17.70 

96.12 

19.32 

24 

97.87 

14.45 

97.33 

16.11 

96.74 

17.76 

96.09 

19.38 

26 

97.85 

14.51 

97.31 

16.17 

96.72 

17.81 

96.07 

19.43 

28 

97.83 

14.56 

97.29 

16.22 

96.70 

17.86 

96.05 

19,48 

30 

97.82 

14.62 

97.28 

16.28 

96.68 

17.92 

96.03 

19.54 

32 

97.80 

14.67 

97.26 

16.33 

96.66 

17.97 

96.00 

19.59 

34 

97.78 

14.73 

97.24 

16.39 

96.64 

18.03 

95.98 

19.64 

36 

97.76 

14.79 

97.22 

16.44 

96.62 

18.08 

95.96 

19.70 

38 

97.75 

14.84 

97.20 

16.50 

96.60 

18.14 

95.93 

19.75 

40 

97.73 

14.90 

97.18 

16.55 

96.57 

18.19 

95.91 

19.80 

42 

97.71 

14.95 

97.16 

16.61 

96.55 

18.24 

95.89 

19.86 

44 

97.69 

15.01 

97.14 

16.66 

96.53 

18.30 

95.86 

19.91 

46 

97.68 

15.06 

97.12 

16.72 

96.51 

18.35 

95.84 

19.96 

48 

97.66 

15.12 

97.10 

16.77 

96.49 

18.41 

95.82 

20.02 

50 

97.64 

15.17 

97.08 

16.83 

96.47 

18.46 

95.79 

20.07 

52 

97.62 

15.23 

97.06 

16.88 

96.45 

18.51 

95.77 

20.12 

54 

97.61 

15.28 

97.04 

16.94 

96.42 

18.57 

95.75  1 

20.18 

56 

97.59 

15.34 

97.02 

16.99 

96.40 

18.62 

95.72  ! 

20.23 

58 

97.57 

15.40 

97.00 

17.05 

96.38 

18.68 

95.70  ! 

20.28 

60 

97.55 
074 

15.45 
0.11 

96.98 
0.74 

17.10 
0.12 

96.36 
0.74 

18.73 
0.i4 

95.68  ' 
0.73 

20.34 

(f+c)=0.75 

0.15 

(i+c)  =  1.00 

0.99 

0.15 

~0T99 

0.16 

0.98  1 

0.18 

0.98  1 

0.20 

(f-|-c)  =  1.251 

1.23 

0.18 

1.23 

1.21 

1.23 

0^23 

1.22  1 

0.25 
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TABLE    I. 

(Continued.) 

Horizontal  Distances  and  Elevations  from  Stadia  Readings. 


13° 

1                 130 

j                14° 

150 

Minutes 

Hor. 

Diff. 

Hor. 

1      Diff. 

1     Hor. 

Diff. 

Hor. 

1      Diff. 

Dist. 

Elev.    I     Dist. 

1     Elev. 

1     Dist. 

Elev. 

Dist. 

1     Elev. 

0 

95.68 

20.34 

94.94 

21.92 

94.15 

:  23.47 

93.30 

1  25.00 

2 

95.65 

20.39 

94.91 

21.97 

i  94.12 

1  23.52 

93.27 

i  25.05 

4 

95.63 

20.44 

94.89 

22.02 

94.09 

1  23.58 

93.24 

25.10 

6 

95.61 

20.50  i  94.86 

1  22.08 

94.07 

I  23.63 

93.21 

25.15 

8 

95.58 

20.55  i  94.84 

1  22.13 

94.04 

23.68 

93.18 

25.20 

10 

95.56 

20.60 

94.81 

22.18 

94.01 

23.73 

93.16 

25.25 

^  12 

95.53 

20.66 

94.79 

22.23 

93.98 

23.78 

93.13 

25.30 

14 

95.51 

20.71 

1  94.76 

i  22.28 

;  93.95 

1  23.83 

93.10 

25.35 

16 

95.49 

20.76 

94.73 

1  22.34 

;  93.93 

23.88 

93.07 

25.40 

18 

95.46 

1  20.81 

94.71 

I  22.39 

i  93.90 

23.93 

93.04 

25.45 

20 

95.14 

20.87 

94.68 

i  22.44 

93.87 

23.99 

93.01 

25.50 

22 

95.41 

20.92 

94.66 

22.49 

93.84 

24.04 

92.98 

25.55 

24 

95.39 

20.97 

94.63 

22.54 

93.81 

24.09 

92.95 

25.60 

26 

95.36 

21.03 

94.60 

22.60 

93.79 

24.14 

92.92 

25.65 

28 

95.34 

21.08 

94.58 

22.65 

93.76 

24.19 

92.89 

25.70 

30 

95.32 

21.13 

94.55 

22.70 

93.73 

24.24 

92.86 

25.75 

32 

95.29 

21.18 

94.52 

22.75 

93.70 

24.29 

92.83 

25.80 

34 

95.27 

21.24 

94.50 

22.80 

93.67 

24.34 

92.80 

25.85 

36 

95.24 

21.29 

94.47 

22.85 

93.65 

24.39 

92.77 

25.90 

38 

95.22 

21.34 

94.44 

22.91 

93.62 

24.44 

92.74 

25.95 

40 

95.19 

21.39 

94.42 

22.96 

93.59 

24.49 

92.71 

26.00 

42 

95.17 

21.45 

94.39 

23.01 

93.56 

24.55 

92.68 

26.05 

44 

95.14 

21.50 

94.36 

23.06 

93.53 

24.60 

92.65 

26.10 

46 

95.12 

21.55 

94.34 

23.11 

93.50 

24.65 

92.62 

26.15 

48 

95.09 

21.60 

94.31 

23.16 

93.47 

24.70 

92.59 

26.20 

50 

95.07 

21.66 

94.28 

23.22 

93.45 

24.75 

92.56 

26.25 

52 

95.04 

21.71 

94.26 

23.27 

93.42 

24.80 

92.53 

26.30 

54 

95.02 

21.76 

94.23 

23.32 

93.39  ! 

24.85 

92.49 

26.35 

56 

94.99 

21.81 

94.20  1 

23.37 

93.36  i 

24.90 

92.46 

26.40 

58 

94.97 

21.87 

94.17 

23.42 

93.33 

24.95 

92.43 

26.45 

60 

94.94 

21.92 

94.15 

23.47 

93.30  i 
0.73  1 

25.00 
0.19 

92.40 
0.72  1 

26.50 

(f+c)=0.75' 

0.73 

0.16 

0.73 

0.17 

0.20 

(f+c>)=0.98^ 

0.98  i 

0.22 

0.97 
1.21  i 

0.23 
0.29 

0.97 

0.25 
0.31 

0.96! 
L20  ^ 

0.27 

(f+c)=:L25 

1.22  i 

0.27  1 

1.21  , 

0.34 

I 
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TABLE  I. 

(Continued.) 

Horizontal  Distances  and  Elevations  from  Stadia  Readings. 


16° 

17° 

18° 

19° 

Minxites 

Hor. 

Diff. 

Hor. 

Dlff. 

Hor. 

Diff. 

Hor. 

Diff. 

Dist. 

Elev. 

Dist. 

Elev. 

Dist. 

Elev. 

Dist. 

Elev. 

0 

1  92.40 

26.50 

91.45 

27.96 

90.45 

29.39 

89.40 

30.78 

2 

92.37 

26.55 

91.42 

28.01 

90.42 

29.44 

89.36 

30.83 

4 

92.34 

26.59 

91.39 

28.06 

90.38 

29.48 

89.33 

30.87 

6 

92.31 

26.64 

91.35 

28.10 

90.35 

29.53 

89.29 

30.92 

8 

92.28 

26.69 

91.32 

28.15 

90.31 

29.58 

89.26 

30.97 

10 

92.25 

26.74 

91.29 

28.20 

90.28 

29.62 

89.22 

31.01 

12 

92.22 

26.79 

91.26 

28.25 

90.24 

29.67 

89.18 

31.06 

14 

92.19 

26.84 

91.22 

28.30 

90.21 

29.72 

89.15 

31.10 

16 

92.15 

26.89 

91.19 

28.34 

90.18 

29.76 

89.11 

31.15 

18 

92.12 

26.94 

91.16 

28.39 

90.14 

29.81 

89.08 

31.19 

20 

92.09 

26.99 

91.12 

28.44 

90.11 

29.86 

89.04 

31.24 

22 

92.06 

27.04 

91.09 

28.49 

90.07 

29.90 

89.00 

31.28 

24 

92.03 

27.09 

91.06 

28.54 

90.04 

29.95 

88.96 

31.33 

26 

92.00 

27.13 

91.02 

28.58 

90.00 

30.00 

88.93 

31.38 

28 

91.97 

27.18 

90.99 

28.63 

89.97 

30.04 

88.89 

31.42 

30 

91.93 

27.23 

90.96 

28.68 

89.93 

20.09 

88.86 

31.47 

32 

91.90 

27.28 

90.92 

28.73 

89.90 

30.14 

88.82 

31.51 

34 

91.87 

27.33 

90.89 

28.77 

89.86 

30.19 

88.78 

31.56 

36 

91.84 

27.38 

90.86 

28.82 

89.83 

30.23 

88.75 

31.60 

38 

91.81 

27.43 

90.82 

28.87 

89.79 

30.28 

88.71 

31.65 

40 

91.77 

27.48 

90.79 

28.92 

89.76 

30.32 

88.67 

31.69 

42 

91.74 

27.52 

90.76 

28.96 

89.72 

30.37 

88.64 

31.74 

44 

91.71 

27.57 

90.72 

29.01 

89.69 

30.41 

88.60 

31.78 

46 

91.68 

27.62 

90.69 

29.06 

89.65 

30.46 

88.56 

31.83 

48 

91.65 

27.67 

90.66 

29.11 

89.61 

30.51 

88.53 

31.87 

50 

91.61 

27.72 

90.62 

29.15 

89.58 

30.55 

88.49 

31.92 

52 

91.58 

27.77 

90.59 

29.20 

89.54 

30.60 

88.45 

31.96 

54 

91.55 

27.81 

90.55 

29.25 

89.51 

30.65 

88.41 

32.01 

56 

91.52 

27.86 

90.52 

29.30 

89.47 

30.69 

88.38 

32.05 

58 

91.48 

27.91 

90.48 

29.34 

89.44 

30.74 

88.34 

32.09 

60 

91.45 
0.72 

27.96 
0.21 

90.45 
072 

29.39 

89.40 

30.78 

88.30 

32.14 

(f-t.c)=0.75 

0.23 

0.71 

0.24 

0.71 

0.25 

(f+c)=:1.00| 

0.86 
1.2P 

0.28 
0.35 

0.95 
1.19 

0.30 

0.95 

0.32 

0.94 

0.33 

(f-|-c)= 1.251 

0.38 

1.19 

0.40 

1.18 

0.42 
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TABLE   I. 

(Continued.) 

Horizontal  Distances  and  Elevations  from  Stadia  Readings. 


b 


1                  20° 

21° 

22° 

23° 

Minutes 

Hor. 

Dili. 

Hor. 

Dili. 

Hor. 

Diff. 

Hor. 

Dlff. 

Dist. 

Elev. 

Dist. 

Elev. 

Dist. 

Elev. 

Dist. 

Elev. 

0 

88.30 

32.14 

87.16 

33.46 

85.97 

34.73 

84.73 

35.97 

2 

88.26 

32.18 

87.12 

33.50 

85.93 

34.77 

84.69 

1  36.01 

4 

88.23 

32.23 

87.08 

33.54 

1  85.89 

34.82 

84.65 

36.05 

6 

88.19 

32.27 

87.04 

33.59 

85.85 

34.86 

84.61 

36.09 

8 

88.15 

32.32 

87.00 

33.63 

85.80 

34.90 

84.57 

36.13 

10 

88.11 

32.36 

86.96 

33.67 

85.76 

34.94 

84.52 

36.17 

12 

88.08 

32.41 

86.92 

33.72 

85.72 

34.98 

84.48 

36.21 

14 

88.04 

32.45 

86.88 

33.76 

85.68 

35.02 

84.44 

36.25 

16 

88.00 

32.49 

86.84 

33.80 

85.64 

35.07 

84.40 

36.29 

IS 

87.96 

32.54 

86.80 

33.84 

85.60 

35.11 

84.35 

36.33 

20 

87.93 

32.58 

86.77 

33.89 

85.56 

35.15 

84.31 

36.37 

22 

87.89 

32.63 

86.73 

33.93 

85.52 

35.19 

84.27 

36.41 

24 

87.85 

32.67 

86.69 

33.97 

85.48 

35.23 

84.23 

36.45 

26 

87.81 

32.72 

86.65 

34.01 

85.44 

35.27 

84.18 

36.49 

28 

87.77 

32.76 

86.61 

34.06 

85.40 

35.31 

84.14 

36.53 

30 

87.74 

32.80 

86.57 

34.10 

85.36 

35.36 

84.10 

36.57 

32 

87.70 

32.85 

86.53 

34.14 

85.31 

35.40 

84.06 

36.61 

34 

87.66 

32.89 

86.49 

34.18 

85.27 

35.44 

84.01 

36.65 

36 

87.62 

32.93 

86.45 

34.23 

85.23 

35.48 

83.97 

36.69 

38 

87.58 

32.98 

86.41 

34.27 

85.19 

35.52 

83.93 

36.73 

40 

87.54 

33.02 

86.37 

34.31 

85.15 

35.56 

83.89 

36.77 

42 

87.51 

33.07 

86.33 

34.35 

8.5.11 

35.60 

83.84 

36.80 

44 

87.47 

33.11 

86.29 

34.40 

85.07 

35.64 

83.80 

36.84 

46 

87.43 

33.15 

86.25 

34.44 

85.02 

35.68 

83.76 

36.88 

48 

87.39 

33.20 

86.21 

34.48 

84.98 

35.72 

83.72 

36.92 

50 

87.35 

33.24 

86.17 

34.52 

84.94 

35.76 

83.67 

36.96 

52 

87.31 

33.28 

86.13 

34.57 

84.90 

35.80 

83.63 

37.00 

54 

87.27 

33.33 

86.09 

34.61 

84.86 

35.85 

83.59 

37.04 

56 

87.24 

33.37 

86.05 

34.65 

84.82 

35.89 

83.54 

37.08 

58 

87.20 

33.41 

86.01 

34.69 

84.77 

35.93 

83.50 

37.12 

60 

87.16 

33.46 

85.97 

34.73 

84.73 

35.97 

83.46 

37.16 

(f-fc)=0.75 

0.70 

0.26 

0.70 

0.27 

0.69 

0.29  1 
0.38 

0.69  j 

0.30 

(f+c)=1.00| 

0.94 

0.35 

0.93 

0.37 

0.92 

0.92  1 

0.40 

(f+c)=1.25l 

1.17 

0.44 

1.16 

0.46  1 

1.15 

0.48 

1.15  1 

0.50 
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TABLE   I. 

(Continued.) 

Horizontal  Distances  and   Elevations  from  Stadia  Readings. 


24° 

250 

26° 

27° 

Miniites 

Hor. 

Diff. 

Hor. 

Diff. 

Hor. 

Diff. 

Hor. 

Diff. 

Dist. 

Elev. 

Dist. 

Elev. 

Dist. 

Elev. 

Dist. 

79.39 

Elev. 

0 

83.46 

37.16 

82.14 

38.30 

80.78 

39.40 

40.45 

2 

83.41 

37.20 

82.09 

38.34 

80.74 

39.44 

79.34 

40.49 

4 

83.37 

37.23 

82.05 

38.38 

80.69 

39.47 

79.30 

40.52 

6. 

83.33 

37.27 

82.01 

38.41 

80.65 

39.51 

79.25 

40.55 

8 

83.28 

37.31 

81.96 

38.45 

80.60 

39.54 

79.20 

40.59 

10 

83.24 

37.35 

81.92 

38.49 

80.55 

39.58 

79.15 

40.62 

12 

83.20 

37.39 

81.87 

38.53 

80.51 

39.61 

79.11 

40.66 

14 

83.15 

37.43 

81.83 

38.56 

80.64 

39.65 

79.06 

40.69 

10 

83.11 

37.47 

81.78 

38.60 

80.41 

39.69 

79.01 

40.72 

IS 

83.07 

37.51 

81.74 

38.64 

80.37 

39.72 

78.96 

40.76 

20 

83.02 

37.54 

81.69 

38.67 

80.32 

39.76 

78.92 

40.79 

22 

82.98 

37.58 

81.65 

38.71 

80.28 

39.79 

78.87 

40.82 

24 

82.93 

37.62 

81.60 

38.75 

80.23 

39.83 

78.82 

40.86 

26 

82.89 

37.66 

81.56 

38.78 

80.18 

39.86 

78.77 

40.89 

28 

82.85 

37.70 

81.51 

38.62 

80.14 

39.90 

78.73 

40.92 

30 

82.80 

37.74 

81.47 

38.86 

80.09 

39.93 

78.68 

40.96 

32 

82.76 

37.77 

81.42 

38.89 

80.04  1  39.97 

78.63 

40.99 

34 

82.72 

37.81 

81.38 

38.93 

80.00 

40.00 

78.58 

41.02 

36 

82.67 

37.85 

81.33 

38.97 

79.95 

40.04 

78.54 

41.06 

38 

82.63 

37.89 

81.28 

39.00 

79.90 

40.07 

78.49 

41.09 

40 

82.58 

37.93 

81.24 

39.04    79.86 

40.11 

78.44 

41.12 

42 

82.54 

37.96 

81.19 

! 

39.08    79.81 

40.14 

78.38 

41.16 

44 

82.49 

38.00 

81.15 

39.11 

79.76  1  40.18 

78.34 

41.19 

46 

82.45 

38.04 

81.10 

39.15 

79.72  1  40.21 

78.30 

41.22 

48 

82.41 

38.08 

81.06 

39.18 

79.67  i  40.24 

78.25 

41.26 

50 

82.36 

38.11 

81.01 

39.22 

79.62 

40.28 

78.20 

41.29 

52 

82.32 

38.15 

80.97 

39.26 

79.58 

40.31 

78.15 

41.32 

54 

82.27 

38.19 

80.92 

39.29 

79.53 

40.35 

79.10 

41.35 

56 

82.23 

38.23 

80.87 

39.33 

79.48 

40.38 

79.06 

41.39 

58 

82.18 

38.26 

80.83 

39.36 

76.44 

40.42 

78.01 

41.42 

60 

82.14 
0.68 

38.30 
0.31 

80.78 

39.40 

79.39 

40.45 

77.96 

41.45 

(f+c)=0.75 

0.68 

0.32  1    0.67 

0.33 

0.66 

0.35 

(f+c)  =  1.00 

0.91 

0.41 

0.90 

0.43 

0.89 

0.45 

0.89 

0.46 

(f+e)  =  1.25 

1.14 

0.52 

1.13 

0.54 

1.12 

0.56 

1.11 

0.58 
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TABLE  I. 

(Continued.) 


Horizontal  Distances  and  Elevations  from  5tadia  Readings. 


28° 


29° 


30O 


Minutes 

0 
2 

4 
6 

S 
10 

12 
14 
16 
IS 
20 

22 
24 
26 
28 
30 

32 
34 
36 

38 
40 

42 
4t 
46 
4.S 
50 

52 
54 
50 

58 
60 


Hor. 
I      Dlst. 

77.96 
77.91 

77.86 
77.81 
77.77 
77.72 

77.67 
77.62 
77.57 
77.52 

77.48 

77.42 

77.38 
77.33 
77.28 
77.23 

77.18 
77.13 
77.09 
77.04 
76.99 

76.94 
76.89 
76.84 
76.79 
76.74 

76.69 
76.64 
76.59 
76.55 
76.50 


Diff. 
Elev. 

41.45 

41.48 
41.52 
41.55 
41.58 
41.61 

41.65 
41.68 
41.71 
41.74 
41.77 

41.81 
41.84 
41.87 
41.90 
41.93 

41.97 
42.00 
42.03 
42.06 
42.09 

42.12 
42.15 
42.19 
42.22 
42.25 

42.28 
42.31 
42.34 
42.37 
42.40 


Hor. 
Dist. 

76.50 
76.45 
76.40 
76.35 
76.30 
76.25 

76.20 
76.15 
76.10 
76.05 
76.00 

75.95 
75.90 
75.85 
75.80 
75.75 

75.70 
75.65 
75,60 
75.55 
75.50 

75.45 
75.40 
75.35 
75.30 
75.25 

75.20 
75.15 
75.10 
75.05 
75.00 


Diff. 
Elev. 

42.40 
42.43 
42.46 
42.49 
42.53 
42.56 

42.59 
42.62 
42.65 
42.68 
42.71 

42.74 
42.77 
42.80 
42.83 
42.86 

42.89 
42.92 
42.95 
42.98 
43.01 

43.04 
43.07 
43.10 
43.13 
43.16 

43.18 
43.21 
43.24 
43.27 
43.30 


Hor. 
Dlst. 

75.00 
74.95 
74.90 
74.85 
74.80 
74.75 

74.70 
74.65 
74.60 
74.55 
74.49 

74.44 
74.39 
74.34 
74.29 
74.24 

74.19 
74.14 
74.09 
74.04 
73.99 

73.93 
73.88 
73.83 
73.78 
73.73 

73.68 
73.63 
73.58 
73.52 
73.47 


Diff. 
Elev. 

43.30 
43.33 
43.36 
43.39 
43.42 
43.45 

43.47 
43.50 
43.53 
43.56 
43.59 

43.62 
43.65 
43.67 
43.70 
43.73 

43.76 
43.79 
43.82 
43.84 
43.87 

43.90 
43.93 
43.95 
43.98 
44.01 

44.04 
44.07 
44.09 
44.12 
44.15 


(f+c)=0.75 

0.66 

0.36 

0.65 

0.37 

0.65 

0.38 

(f+c)=1.00 

0.88 

0.48 

0.87 

0.49 

0.86 

0.51 

(fJ-c)=1.25 

1.10 

0.60 

1.09 

0.62 

1.08 

0.64 
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MAP  CO-ORDINATES-IN  METERS 

If 

^ 

^   r^   c:   t^   O 

to     Tf^     CO     C^l     r^ 
CO    ^    to    CO    t^ 
CO    CO    CO    CO    CO 

o  CO  CO  t^  r^ 

00    CO    CO    O    to 
t^    00    05    Oi    o 
CO    CO    CO    CO    -* 

C^l    C^l    t^ 

S  2  g 

TJ1     TjH      Tt^ 

« 

^    (M    <N    <M    ^ 

CO    CO    ^    CO    C5 

o  o  o  §  § 

CO    CO    (N    (M    <N 

CSI      Tt^      O     00      1-H 

CO    00    ^    C^^    <M 
O    CO    CO    O    t^ 
(M    (N    <M    (N    <M 

273830 
270455 
266997 

II 

>H 

G5    <M    CO    (N    Ci 

00  CO  r^  ^  TtH 

^     to    lO    CO    CO 
rH      1— (      1-H     1—1     T— t 

Tji    t^    GO    t^    CO 
GO    1-H    Tti    !>.    O 

CO  r^  t^  r^  oo 

OO    00    00 

1-H     1—1     1-H 

1^ 

CO    1-H    to     05    (M 

o  CO   o   ^  b=- 

OO    (M    to    t^    00 

o  o  o  o  o 

C^        C^        1— 1        T—l       1— ( 

(M    1-^    00    CO    Tt^ 
O    O    GO    OO    GO 

182568 
180319 
178015 

Is 

sS 

0 

>H 

GO    00    00    Ci    o 

liiis 

1028 
1041 
1052 

M 

to    CO    (N    (M    t^ 

<>1    t^    00    '^    to 
Tt^    ^    OO    to    1-H 
^    O    00    t^    CO 
to    to    Tt^    ^.    rti 

1—1     1-H     T-H      1-H     T-H 

00    to    (X    00    to 
CM    to   CO   1:^   t^ 

TtH    CO    1-1    O    OO 

TT      TjH      TjH      T^     CO 

T-H     1-H     1— 1     1— (     1— I 

136930 
135243 
133515 

II 

>H 

C^     CO    CO    CO    C^ 

t^   GO  cr.   o  ^ 

CO    CO    CO    ^    Tf^ 

r-H      O     t^     ThI      1-H 

CM    Ol    CO    -^    to 
-^     TtH    TfH    rfH    -^^ 

t^    CM    t^ 

to    CO    CO 
TfH     T:ti     Tt^ 

« 

^    00    CO    CO    o 
Oi    ^    CSI    CO    ^ 

o  o  o  o  o 

T— ^      i-H 

t^    to    Tt^    TfH    to 

00    O    Oi    to    00 
'^ti     to    Ttl     Tti    CO 
CO    to     TJH    CO    CM 

Oi    Gi    G^    Oi    Oi 

§  ^  2 

O    O    00 

is 

8. 

PH 

O    to    1— 1    t^    (N 
O    T-H    (N    (M    CO 
CVI    O^    CK|    C^    (M 

t^      1-H      CO      O      Tt^ 

CO    Tt^    TtH    to    to 
CM    CM    CM    C^l    CM 

§11 

M 

CO    G5    C^    (M    O 

t^   O   '^   t^   o 

»0    to    ^    CO    CO 

t^  t^  r^  i>  t^ 

CO     Ci     1-H     1-H     Oi 

CO    CM    l>-    Oi    00 
CO    CO    00    O    CM 

C^l   ^   o  o   o 
t^  r^  i^  t^  CO 

Tt^    CO    t^ 

00    t^    CO 
CO    CO    CO 

IS 

o 

o 

>^ 

§  ssss 

gS8;:^2 

tH    CO    t^ 

T-H      1-H      1— ( 

rH^             -----             ^^^            , 

M 

CO    O    00    <M    o 
1-^    CO    (M    00    <M 

TtH    O    CO    1-^    t^ 
O    O    Ci    O    CO 

»0     to     '^     Ttl     "^ 

T}^    CO    t^    t^    CO 
Tt^    to    -^    CM    O 
CM    r^    CM    1:^    1-H 

^  ^  ^  s  s 

"rfi    ^    ^    ^    "^ 

45645 
45083 
44507 

a 

>^ 

C^    (M    (M    <M    <N 

CO    l^    t^    00    00 
C^l    CM    CM    CM    CM 

8  S  S 

X 

C^  o  ^  ^   o 

CO    CO     ^     O    CO 

oi  o  cx)  to  CO 

to    to    '^f    "^    '^ 
<M    <M    <N    <M    <N 

C^l    CO    '^     ^    t^ 
CM    l-^    CM    CO    O 
r-H     GO     CO     CO     O 
-^    CO    CO    CO    CO 
CM    CM    CM    CM    CM 

i  s  1 

sap 
n|    9UO 
JO  epis 

JO  mSuai 

-:t^     r-H     -rJH     O     CO 

O    CO    O)    to    »o 

to      1— 1     l^     ^      r-H 

GO    GO    r^    t^    l^ 

O    g    O    g    CM 

C/D    CO    CO    ^    00 
CO    CO    CO    CO    to 

to    to    to 

G'jn'l'B'JS 
-ptJ3TU 

-sBaui  c 

TI  T      U  13 1 

B    no  psjii 
I  jomauaq 

CO    GO    OO    C/D    <X) 

OD   c«   cx5   (^    00 
CO    CO    CO    CO    CO 

Oi    O    ^    CM    CO 
t^    O    O    1-H    CM 

CO   C^    Oi    p    Ci 

o5    00    GO    GO    00 
CO   CO    CO   CO    CO 

68.935 
68.946 
68.958 

saTtra 
TailBaiid 
-s'Bem  c 

■B  uo  psan 
I  joq43uar£ 

S  2  g  gl  ^ 

t^    (M    CO    1-H    lO 

C^    (N    T-5    1-H    O 
CO    CO    CO    CO    CO 

Ci    CO    t^    O    TfH 

ai  o  oc  00  t^ 
to  to  to  to  to 

56.725 
56.027 
55.311 

apni 

T^TJT 

o     o     o     o     o 
»0    CO    t^    OO    05 
<M    (M    CM    <M    C<» 

O     O     o     o     o 
h    ^    ^l    CO    ^ 

CO  CO  CO  CO  CO 

to  CO  r>. 

CO    CO    CO 

74 


PLOTTING  AND  TOPOGHAPHt 


65 


1 


1 

I 

s 
S 


Is 


2| 


a 


o  1> 


a 


a 

Is 
SI 


si 


1-"  lO  Tt<  l>.  »C 

»-"  CO  »o  O  l^ 

£2  £2  £2  S2  ' 

^^  ^^  ^^  ^^ 


g 


CO  o  00  i.o  r^ 

t^  t^  o  »o 

£2  22  £2  £2 

^^  ^T  ^r  ^ 


CO 

5 


CO 

8 


Q  CO  00  OD  (M 

^  O  O  t^  l^ 

T-t  CO  lO  »0  lO 

lO  LO  Tt<  Tt<  ^ 

<M  (M  (M  (N  (N 

I—I  (M  CO  "^  ''f 

ci  o  ctj  a:  o 


CO  oi  G5  r^ 


-^    CO 


^  Ol 

oo  c^ 

CO    CO    <M  C^l 

<M    C^    <M  <M    C^l 

0~»  O  ~  (M~CO~60" 

^    '^    Tt^  CO    <M 

Oi    0:^    Gi  O".    Oi 


CO  CO 

LO  '^ 

CO  (N 

lO  CO 


OO  o  »-i  1— I  1-H 

t^  CO  05  l^  O 

t^  (M  CO  O  -f 

o  OC  to  CO  o 

i^  CO  CO  O  CO 


C^  lO  Q  05  1-1 

00  ^  O  CO  00 

CO  O  r-H  (>J  CO 

l^  Tt^  (M  Oi  CO 

t.O  lO  lO  Tf  -^ 


<N   o 

CO    t^ 

o  o 


00     Tti 

i^  00  00  0:1 
0000 


00    <?sl    '^ 


!   >^ 


CO  r^ 

Tt^  CO 

t^  Gi 

^  Gi 

CO  C^l 


00  O  CO  00  CO 

00  o  t^  o  o 

O  C^  <M  CO  CO 

00  CO  Tt^  <M  O 

(M  <M  (M  (M  <M 


t^  (M  O  "^  -^ 

CO  C5  00  CO  »o 

<M  T-H  O  O  t^ 

GC  CO  '^  ^  O 


C^    CO 


Oi    C^    Tj^    lO    CO 

i^  00  00  00  00 

^^     ^7^     ^^     ^T^     ^^ 


CO    O    10    TfH    (N 

2S  ^  22  22  22 

^T    ^T"    ^^   ^r    ^^ 


CO  t^ 

CO  <M 

00  CO 

t^  CO 

00  00 


rfl  O  1— I  1— I  CO 

Ci  CO  10  Tt^  O 

CO  ^-H  00  lO  <M 

iC  -*  (M  ^  O 

OC^  00  00  00  00 


-^ 

00 

00 


CO  CO  (M 

lO  (M  l^ 

O  CO  T-H 

CO  Tt^  CO 

I^  t^  l^ 


10    00 
CO     CO 


OS    '-H    <M    CO    CO 

CO  t^  t^  r^  i^ 

(M    (M    CJ    (M    (Tl 


TtH  CO  CO  (N  i-H 
t^  t^  t^  t^  t^ 
(N    <M    (M    <M    (M 


lO  1—1 
00  o 
CO    CO 


CO  C^l  05  l^  CO 

-^  O  CO  10  O 

^  CO  Ol  ^  CD 

CO  CO  CO  CO  CO 


CO  00  CO 

CO  05  "^ 

Oi  00  t^ 

O  lO  LO    lO    »-0 


00  a> 


O      O      1-H      ^      ^ 

C<J    <N    <M    (N    CSl 


(M    C^    ^    ^    O 
(M    C^    (M    (M    CVl 


t^  Tin 

1— (  T— I 

05  CO 

CO  CO 


00  00 
Oi  CO 
CO    O 


CO  1— I  "Tf 

<N  t^  o 

T^  t^  1— I 

T^  ■^  ■^ 


rt^  CO  05  ""^J^  t^ 

C^  CO  (M  r-H  00 

^  t^  O  "  " 

C^  X  00 


CO    LO 

r^  CO 


CO    CO    CO    CO    CO 


8 


o  o 

CO    CO 


CI  r^ 

05    CO 


05 
CO 


(M    (M  <M    (M 


santa  aini'Bis 
m  auoo  ciuaSu'Bi 
JO  epis   JO  mSuQ'j 


O  1— I 

t^  o 

o  o 

10  TJH 


O  CO 
CO  CO 
t^    lO 


00  t^  T-H 

o  »o  r-^ 

Tf  (M  r-t 

•^  ■^  •^ 


0  '^  CO  to  c^ 

r^  CO  o  t^  t-o 

01  00  t^  to  '^ 
CO  CO  CO  CO  CO 


05 


05 

CO 
CO 


o 
to 

o 


8 


00 

to 

CO 


000 

0 

0 

0 

0 

0 

0 

CO  CO  CO 

CO 

CO 

CO 

CO 

CO 

CO 

CO  CO  <M 

<N 

CO 

to 

r^ 

Tf 

-•^ 

1— (  00  to 

0 

1-H 

to 

Gi 

(N 

000 

t^ 

CO 

s 

CO 

C^ 

a 

05 

Oi 

00 

00 

t^ 

C^  C^  <N 

i—i 

T— 1 

r-^ 

1—4 

CO 
CO 
CO 


saiitn 

-piJ9ui  -B  no  paari 
-SB9ra  ol  JO  qaSuai: 


05 

CO  00 

05  Ci 

06  06 
CO  CO 


r-H  CO    CO    00    O    (M 


05  o  ^  CO 

0  p  o  p 

00  O  0  O    C5 

CO  CO  CO  CO    CO 


rj^  CO  O  r-^  CO 

to  <X)  l^  Oi  O 

p  p  p  p  ^ 

05  05  05  02  05 

CO  CO  CO  CO  CO 


len^a^cl  «  no  pajii 
-s«9iaol  JO  m3uar[ 


Ci  6i 

to  00 

^  CO 

to  to 


CO  T— I    CO    o    o 

CO  00    00    CO    '^ 

p  Oa     Tt<    CO    00 

CO  c^ 

to  to 


to     CO      r-H     <N      0> 

05    CO    CO    1^    CO 
05    1-H    C^    CO     Tf 


1-H    O    Oi 
to    to    Tfi 


^ 


00    t^ 


^ 


9pn'n*«1 


o     o 

00     C5 
CO    CO 


00000 
o  1— t .  (Si  CO  ''t" 

^jH      ^^      ^}^      ^^     ^5^ 


00000 

to    CO    1^    00    o 
^     ^     ^     ^     ^ 


to 


CO 


to 
to 


76 


CONVENTIONAL   SIGNS.        Plate  I 


Cities  and 
villages. 


Mill  II  llllll 


Railroads. 


Fords. 


CULTURE 
(printed  in  black) 


nr— 


Roads  and  Private  and  Trails 

buildings.  secondary  roads. 


-h4^v.v.-.::(-H+ 


Double-track  Street  railroads.       Tunnels, 

railroads 


S  BE  3B  BE 


Wharves.  Drawbridges         Bridges  Ferries. 


ir 

if 

1. 

. 

L 

Dams. 


Locks.  Life-saving 

stations. 


•$■  LH. 


Light-ships.  Lighthouse^.  State  lines.  County  lines 


U.S.  township  and        Township  lines.  Reservation  Land  grant 

section  lines.  lines.  lines. 


A 


6^ 


City,  village. and        Triangulation        Bench  marks.         Mines  and 
borough  lines.  stations.  quarries. 


Shafts. 


Prospects.  Mine  tunnels.  Mine  tunnels. 

(^shofiing  direction)  (^direction  unknoi^n) 


For  illusf  rations   of  many   of  these  signs  in  their  true  cofors ,   see  Plate  JE. 


7C 


CONVENTIONAL  SIGNS         Plate D 


RELIEF 

(printed  in  brown) 


5463 


,S'"" "'-"■■'!,','"■ 


Figures.  Contours 

(showing  heighls  above        (shQv«ing  height  above 
mean  sea  level  insfro-       seo,  horizontal  form, 
mentally  determined)        ond  steepness  of  slope 
of  the  surface.) 


Depression 
contours. 


L  evee  s. 


U4      %j 


Cliffs. 


Mine  dumps. 


Sand. 


Sand  dunes. 


WATER 

(printed  in  blue) 


Streams. 


Falls    and 
rapids. 


Intermittent 
streams. 


Canals  and 
ditches. 


Aqueducts. 


Aqueduct 
tunnels, 


Lake3  and 
ponds. 


;^rr?i?r:;; 


Intermittent 
lakes. 


Glaciers 


Springs. 


^ii_-  ^ 


^ -   ^' 


Salt  marshes. 


Fresh  marshes. 


Tidal  flats. 


For  illusfrofions    of  many   of  these  signs  in  their  true  colors,  see  Plate  IE, 
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PLATE   III.— Part  of  Harrisburg,   Pa.,  sheet.     U.  S.   Geological  Survey.     Scale   1:62500 
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PLATE  v.— Part  of  San  Francisco  Entrance.  Relief  shown  by  contours.   U.  S.  Coast  Survey.     Scale   1:40000 


I 


r 


r-:? 


JST-'l 


.^ 


A  RAILROAD  C0R7S  IN  THB  SIBRRA  NEVADA.  CALIFORNIA 

View  on  the  lln©  of  the  Southern  Paoiflc  Railway,  where  the  road  rounds  Cape  Horn.  In 
fBOtmtainou«  regions,  the  coniitructlon  of  such  a  curve  and  embankment  as  here  shown  pre- 
BuppoMs  the  most  careful  orellmlnary  work  by  surveying  parties,  wbo.  ijx  fact,  are  th9 
pioneers  without  whose  worn  such  construction  would  t)e  imposslbla.  r 


RAILROAD  ENGINEERING. 

PART  I. 


RAILROAD  SURVEYS. 

1.  General  Principles.  The  enorineer  should  have  first,  a 
thorough  appreciation  of  the  objects  to  be  accomplished  by  the 
surveys.  He  should  realize  that,  except  in  the  rare  cases  where  it 
is  ditficult  to  find  cuiy  practicable  line,  very  little  engineering 
training  or  ability  is  required  to  lay  out  a  line  over  which  it  would 
be  physically  possible  to  run  trains.  A  line  as  laid  out  may  violate 
all  rules  of  location,  may  be  expensive  to  operate  and  have  disad- 
vantages which  will  discourage  traffic,  and  yet  trains  can  be  run 
over  it.  From  the  infinite  number  of  possible  locations,  the  en- 
gineer must  select  the  location  which  best  satisfies  the  various  con  - 
flicting  interests.  His  value  as  an  engineer  depends  on  his  ability 
to  interpret  the  natural  conditions  and  design  the  line  accordingly. 
This  ability  is  only  obtained  by  a  thorough  knowledge  of  the  whole 
subject  of  railroad  engineering,  supplemented  by  practical  expe- 
rience. It  is  therefore  true  that  many  of  the  following  statements 
will  not  be  thoroughly  appreciated  until  the  student  has  covered 
the  whole  subject  and  then  reviews  it. 

2.  Conflicting  Interests.  There  are  several  classes  of  inter- 
ests, which  are  generally  more  or  less  conflicting,  which  affect  the 
location  of  every  line* 

(«)  The  initial  cost  should  he  a  minimum^  but  the  cheap- 
est road  generally  has  sharp  curvature,  steep  grades  and  incon- 
venient location. 

(Jj)  The  operaMng  expenses  per  train  mile  should  he  a 
minimuin^  which  is  generally  equivalent  to  saying  that  the  curva- 
ture should  be  light  and  the  grades  low,  but  this  is  usually  unob- 
tainable except  at  great  cost. 

(<?)  The  location  should  he  con'benient  to  sources  of  traffic 
so  that  the  maximum  traffic  will  be  obtained,  but  this  is  generally 
very  costly. 

Copyright  7.WS,  by  American  School  of  Correspondence. 
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A  little  study  will  show  the  frequent  conllict  of  the  above 
conditions.  AVhen  a  proposed  location  evidently  combines  the 
above  interests  advantageously,  instead  of  bringing  them  into  con- 
flict, then  there  is  no  doubt  as  to  the  proper  location,  unless  it 
affects  unduly  the  adjacent  location.  The  best  engineering  ability 
is  a  cheap  investment  when  dtx^iding  on  a  location  which  requires 
a  delicate  balancing  of  the  claims  of  several  possible  routes,  each 
with  its  own  combination  of  greater  or  less  initial  cost,  greater  or 
less  operating  expenses,  and  greater  or  less  effect  on  the  probable 
revenue  of  the  road. 

RECONNOISSANCE  SURVEYS. 

3.  Essential  Problem.  From  the  above  considerations  it  may 
readily  be  seen  that  the  first  survey  to  be  made  (called  the  recon- 
noissance  survey)  consists  essentially  of  a  broad  examination  of 
the  country  through  which  the  road  is  expected  to  pass.  Business 
considerations  usually  predetermine  that  the  road  is  to  connect 
certain  termini  and  also  pass  through  certain  intermediate  impor- 
tant towns  or  cities,  but  the  problem  consists  in  finding  the  best 
route  between  the  predetermined  points.  When  two  consecutive 
predetermined  points  lie  in  the  same  valley  or  on  the  same  bank  of 
a  river  too  large  to  be  easily  bridged,  the  location  is  self-evident. 
If  the  river  is  smaller,  easily  bridged,  has  sharp  bends,  with 
variable  banks  and  important  towns  on  either  bank,  it  will  usually 
require  a  close  examination  of  each  bank  to  determine  where  to 
cross  if  at  all.  When  the  two  points  are  many  miles  apart,  lie  in 
different  valleys,  and  are  therefore  separated  by  one  or  more  sum- 
mits, the  selection  of  the  best  route  becomes  more  and  more  com- 
plicated as  the  number  of  possible  routes  becomes  greater.  It  is 
generally  true,  although  not  invariably,  that  a  cross-country  route 
which  includes  the  lowest  summits  and  the  highest  hnv  ^>^////^.<» 
(such  as  river  crossings)  will  give  the  best  grades.  Since  the 
"ruling  grade"  is  the  most  important  physical  consideration  for 
the  engineer,  as  will  be  developed  later,  the  chief  work  of  the 
reconnoissance  survey  (apart  from  considerations  of  probable 
traffic)  is  the  determination  of  the  elevations  of  summits  and 
sags  and  the  distance  between  them,  together  with  the  constructive 
character  of  the  country. 
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4.  Utilization  of  Existing  Maps.  The  U.  S.  Geological 
Survey  has  already  published  contour  maps  of  a  large  part  of  the 
country  which  enable  an  engineer  to  select  a  line  with  even 
greater  ease  and  certainty  than  he  can  from  a  reconnoissance  map 
made  for  the  purpose  (as  usually  made),  since  the  U.  S.  G.  S.  maps 
show  the  whole  country  and  enable  the  engineer  to  rapidly  com- 
pare a  dozen  suggested  routes  instead  of  confining  his  attention  to 
the  (usually)  limited  area  of  the  special  map.  The  errors  of  the 
U.  S.  G.  S.  maps  will  seldom  if  ever  be  sufficient  to  vitiate  the 
accuracy  of  the  preliminary  route  laid  out  from  them.  Usually  a 
brief  study  of  the  map  will  demonstrate  that  one  (or  perhaps  two 
or  three)  general  route  has  adv^antages  so  pronounced  over  all 
other  possible  routes  that  the  choice  is  immediately  made  or  is  at 
least  reduced  to  the  comparison  of  two  or  three  lines  which  are  so 
nearly  equal  that  closer  and  more  detailed  surveys  are  necessary 
to  decide  between  them.  County  atlases  are  usually  sufficiently 
accurate  for  reconnoissance  purposes  to  the  extent  of  giving  the 
relative  horizontal  positions  of  governing  points  of  the  survey. 
Elevations  may  be  determined  (as  described  later)  and  plotted  on 
these  maps. 

5.  Surveying  Methods.  When  reliable  contour  maps  are 
unavailable,  some  of  the  following  methods  may  be  used  to  till  out 
existing  maps  or  to  make  a  complete  reconnoissance  survey.  The 
essential  point  is  the  rapid  determination  of  those  details  from 
which  one  route  is  shown  to  be  superior  to  another.  Xothing 
useless  should  be  surveyed  and  no  time  should  be  wasted  on  an 
unnecessary  degree  of  accuracy.  The  physical  characteristics  of 
two  routes  have  usually  such  differences  that  they  are  apparent 
even  with  rapid  and  approximate  methods  of  surveying.  If  two 
routes  are  so  nearly  equal  that  a  decisive  choice  cannot  be  made 
from  the  results  of  reconnoissance  surveys,  it  shows  that  a  more 
accurate  survey  should  be  made  of  both  routes. 

6.  Elements.  The  three  elements  of  the  survey  of  any  line 
are  («)  the  length,  (Jj)  the  direction,  and  {c)  the  slope  or  the  relative 
elevation  of  the  two  ends.  Distance.  The  length  is  sometimes 
determined  with  sufficient  accuracy  by  pacing,  the  steps  being 
counted  with  a  pedometer.     In  an  open  prairie  country,  where  a 


bucrcry  may  be  run.  an  odometer  attached  to  a  wheel  will  count  the 
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revolutions.  An  odometer  on  a  wheel,  attached  to  a  frame  and 
trundled  like  a  wheelbarrow,  has  been  used  for  the  same  purpose. 
A  large  telesco{>e,  mounted  with  a  universal  joint  on  a  very  light 
tripod,  and  fitted  with  stadia  wires  so  adjusted  that  distances  of 
2,000  or  even  2,500  feet  can  be  read  to  the  nearest  10  feet  on  a 
10-foot  rod,  will  give  the  distances  between  widely  separated  sta- 
tions with  sufficient  accuracy  and  extreme  rapidity.  Direction 
may  be  obtained  with  sufficient  accuracy  with  a  compass — even  of 
the  pocket  type.  Leveling.  Spirit  leveling  is  too  slow  and  ex- 
pensive for  the  rapid  surveying  here  required.  If  stadia  methods 
are  used  with  an  instrument  provided  for  reading  vertical  angles, 
the  inclination  of  all  lines  may  be  observed  and  the  elevations  of 
all  stations  computed.  A  still  more  rapid  method  of  observing 
differences  of  elevation  with  sufficient  accuracy  for  the  purpose  is 
found  in  the  use  of  an  aneroid  barometer,  supplemented  by  another 
aneroid  or  preferably  by  a  mercurial  barometer.  The  mercurial, 
or  the  office  aneroid,  is  kept  at  some  office  whose  elevation  is  known 
and  observations  are  regularly  taken  (say  every  half  hour)  during 
the  period  when  observations  are  being  taken  in  the  field  with  the 
field  aneroid.  The  field  aneroid  is  taken  to  each  place,  within  a 
range  of  several  miles,  where  elevations  are  desired.  At  each  point 
there  should  be  noted  (see  the  form  of  notes  below)  the  time,  the 
described  location,  the  aneroid  reading  and  the  temperature.  If 
})0ssible,  duplicate  readings  should  be  taken  on  the  trip  to  and  from 
the  office  on  all  important  points.  The  elevations  of  succeeding 
office  locations  made,  may  be  determined  with  the  field  aneroid  if 
necessary,  but  of  course  extra  care  should  be  taken  with  such  work. 
Aneroids  are  usually  "compensated  for  temperature,"  i.e.^  so 
adjusted  that  they  will  give  a  true  reading  regardlessof  temperature. 
If  an  aneroid  has  not  been  so  adjusted,  it  should  be  carefully  com- 
pared with  a  standard  mercurial  barometer  under  widely  varying 
conditions  of  temperature  and  a  tabular  form  shonld  be  made  out 
for  that  aneroid  showing  the  correction  to  be  applied  at  any  given 
temperature.  On  account  of  the  expansion  of  mercury  with  tem- 
peratiire,  and  also  the  expansion  (at  a  different  rate)  of  the  tube 
and  cistern,  all  readings  of  the  «iiercurial  barometer  must  be 
''reduced  to  32^  F.,"  *./?.,  reduced  to  the  reading  it  would  hav^,  if 
the  temperature  of  the  instrument  were  32''  F.     This  is  readily  ac- 
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complished  by  means  of  Table  XI.*  At  the  office,  each  half -hourly 
observation  should  include  the  time,  the  reading  of  the  scale  show- 
ing the  height  of  the  mercury,  the  reading  of  the  "attached  ther- 
mometer" (the  thermometer  attached  to  the  mercurial)  and  also 
the  temperature  of  the  external  air.  AVhen  the  mercurial  is  in- 
doors these  two  temperatures  may  differ  somewhat.  AVhen  reduc- 
ing the  observations  interpolation  should  be  made  if  necessary 
between  the  reduced  office  observations  to  determine  the  probable 
reading  of  the  mercurial  at  the  time  of  any  given  field  observation. 
Determine  from  Table  XII*  the  heights  corresponding  to  the  field 
reading  and  reduced  office  reading  for  each  pair  of  observations. 
Their  difference  is  the  approa^imate  difference  of  elevation  of  the 
office  and  of  the  place  of  the  field  observation.  If  necessary  this 
may  be  corrected  by  an  amount  equal  to  the  approximate  differ- 
ence of  elevation  times  a  coefficient  derived  from  Table  XIII.*  This 
coefficient  is  found  opposite  the  number  which  gives  the  sum  of  the 
temperatures  in  the  field  and  outside  the  office.  The  correction  is 
frequently  too  small  to  be  noticed.  An  approximate  calculation 
will  often  show  this,  or  will  give  a  solution  to  the  nearest  foot, 
which  is  amply  accurate.  An  aneroid,  no  matter  how  perfect,  will 
seldom  agree  exactly  with  a  mercurial  barometer,  and  even  if  ad- 
justed to  the  same  reading  will  soon  indicate  some  discrepancy. 
It  is  therefore  better  to  leave  the  adjustment  undisturbed  and 
apply  corrections.  The  aneroid  should  therefore  be  compared  with 
the  mercurial  before  leaving  headquarters  for  a  day's  work,  and 
the  readings  of  both  and  their  difference  should  be  recorded. 
Immediately  after  returning  from  the  day's  work  the  aneroid  should 
ao-ain  be  compared.  The  absolute  reading  of  the  mercurial  will 
probably  be  higher  or  lower,  but  the  difference  should  be  nearly 
the  same,  althoucrh  it  is  found  that  an  aneroid  will  lacp  somewhat 
behind  its  true  reading,  especially  if  it  has  been  subjected  to  an 
extreme  variation  of  pressure.  All  the  field  readings  of  the  an- 
eroid should  therefore  be  corrected  by  the  mean  of  the  initial  and 
final  differences.  The  method  and  the  above  explanation  may  be 
illustrated  by  the  following  numerical  examples: 

7.     Examples.     1.     Given   a  reading  of  28.692  on  a  mer- 

*See  Webb's  •'Trigonometric  Tables, "  pubUshed  by  American  School  of  Correspond- 
ence, Chicago,  111.    Price,  50g. 
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ciirial  barometer,  what  is  its  reading  when  reduced  to  32°  F.,  the 
reading  of  the  atffached  thermometer  being  68.5°  F.?  In  Table 
XI*  under  28.5  and  opposite  ()8°,  we  iind  -  .101.  Under  29.0  and 
for  ()8^  we  find  -  .108.  For  28.01)2  and  68"  it  evidently  should  be 
-  .102  (to  the  nearest  thousandth).  Similarly  for  28.692  and  69° 
we  may  derive  -  .105.  For  28.()92  and  68.5°  it  would  be  the  mean 
or  -  .1085,  which  we  will  call  -  .103  since  it  is  useless  to  compute 
the  correction  closer  than  the  nearest  thousandth.  Then  since  the 
correction  is  -.103,  the  corrected  reading  should  be  28.589.  With 
a  little  practice  the  interpolations,  when  necessary,  may  be  made 
in  far  less  time  than  it  takes  to  describe  it. 
2.     Verify  the  following  reductions: 


Bar.  reading. 

« 
Temp. 

Reduced  reading. 

26.426 
27.892 
28.470 
30.847 

58^^  F. 
78.5 
85. 
48.5 

26.356 
27.767 
28.330 
30.792 

3.  Reduce  the  following  readings:  27.294,  47°;  29.462,  87°; 
26.230,  78.5°;  25.241,  62°;  26.481,  75°;  29.625,  89.5°;  30.942, 
88.5°;  29.784,  46.5°;  28.386,  48°;  27.942,  74.5°. 

4.  Compute  the  barometric  elevation  corresponding  to  a 
reading  of  28.589.  From  Table XII*  the  reading  for  28.5  is  1397 
and  the  difference  for  .01  is  -9.5;  therefore,  for  .089  the  correction 
will  be  -9.5  X  8.9  =  -  84.55,  or  in  w^hole  numbers  -  85.  Then 
1397  -  85  =  1312,  the  corrected  reading. 

5.  Verify  the  following  elevations  from  the  reduced  read- 
ings: 26.356,  27.767,  28.330,  and  30.792;  ie.,  3528,  2107,  1560, 
and  -  710. 

6.  Compute  the  barometric  elevations  corresponding  to  the 
reduced  readliKjs  found  ])y  solving  Example  3. 

7.  With  an  ap{)roximate  difference  of  elevation  of  -  136  feet 
and  field  and  ofHce  temperatures  of  62°  and  67,  what  is  the  true 
difference  of  elevation  ^  62  -h  67  =  129.  For  129°  the  coeffi- 
cient  is  (by  interpolation)  -f-  .0357.  136  X  (+  .0357)=  +  4.8552. 
For  this  slight  difference  of  elevation,  the  coefficient  is  far  more 
accurate  than  necessary,  and  of  course  the  correction  is  called  +  5. 

•See  Webb'.s  •'Trigonometric  Table.s,' publisht-d  by  Ameriuan  School  of  CorrespouU- 
ence,  Chicago.  III.    Price,  50c. 
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The  difference  of  elevation  should  he  increased  hy  5,  hut  the  dif- 
ference  is  essentially  negative.  Therefore  we  have  as  the  correc- 
tion -(+  5).  The  true  difference  of  elevation  is  -  186  -  (-|-  5)  ^^ 
-141. 

8.     The  following   example   shows   not  only   the  method  of 
recording   the   ohservations  hut   also  the  complete   solution   of  a 


problem. 


Time. 

Mercurial 

Attached 

Reduction  to 

Corrected 

External 

barometer. 

thermometer. 

33°  F. 

reading. 

thermometer. 

7:00  A.M. 

28.692 

62° 

-.087 

28.6a5 

60°  F. 

:30 

.724 

64 

-.092 

.632 

62 

S.OO 

.756 

66.5 

-.099 

.657 

64 

:30 

.782 

68 

-.102 

.680 

65 

9:00 

.824 

69 

-.105 

.719 

66 

The  oDservations  taken  in  the  field  at  this  time  were  as  given 
in  the  first  four  columns  of  the  following  tabular  form.  The 
other  columns  are  computed  later  in  the  office. 

(Left-hand  page  of  notes.) 


Time. 

Place. 

Aneroid. 

Therm. 

Corrected 
aneroid. 

Corrected 
mercurial. 

7:00  A.  M. 

Office 

28.743 
.769 
.860 

.522 

62° 

63 

65 

66 

28.605 

7:20 
8:10 

8:50 

R.  R.  Junction. 

Blue  River 

Saddle  in 
Beanpole  ridge 

28.631 
.722 

.384 

.623 
.665 

.706 

(Right-hand  page  of  notes.) 


Ext.  temp,     i  Approx.  field 
office.         j       reading. 


62° 

64 

66 


1273 
1186 
1508 


Approx.  office 
reading. 


1280 
1240 
1201 


Difference. 


Correction 
for  temp. 


-7 

-54 

+  307 


0 

(+2) 
+  12 


Difference  of 
elevation. 


-7 
-56 
-319 


8.  Low  Ruling  Grades.  It  will  be  developed  later  that  a 
low  ruling  grade  is  of  prime  importance.  The  approximate  value 
of  the  ruling  grade  is  determined  from  the  reconnoissance  survey. 
If  the  country  is  mountainous,  it  may  be  necessary  to  "develop" 
the  line  in   order    to    reduce    the   grade.     '-Development"    here 
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means  a  deliberate  increase  in  the  length  of  the  line  between  two 
predetermined  points  so  that  the  rate  of  grade  shall  be  as  low  as 
desired.  The  Georgetown  spiral,  shown  in  Fig.  1,  is  perhaps  the 
most  famous  example  in  this  country  of  this  general  method.  A 
study  of  the  course  of  the  track  will  illustrate  several  methods  of 
taking  advantage  of  the  topography  and  attaining  a  considerable 
elevation  although  the  grade  is  kept  low. 

PRELIMINARY  SURVEYS. 

9.  General  Object.  The  reconnoissance  survey  has  shown 
that  the  best  location  for  the  road  will  lie  somewhere  through  a 
certain  belt  of  country.  In  some  places  this  belt  may  be  very 
narrow,  i.e.,  certain  topographical  features  will  determine  that  the 
road  m^ist  pass  through  a  strip  but  little  if  any  wider  than  the 
roadbed  requirements.  In  other  places  the  choice  of  possible  loca- 
tion is  so  widened  that  it  is  necessary  to  survey  everything  within 
reach  of  the  backbone  line  of  the  survey.  The  willingness  or  finan- 
cial ability  of  the  company  to  ignore  minor  topographical  con- 
siderations and  incur  heavy  expense  in  order  to  obtain  economic 
advantages,  may  also  widen  the  area  of  possible  location.  As  a 
general  statement,  the  width  of  the  belt  surveyed  should  so  vary 
as  to  include  all  practicable  locations  along  that  general  route. 

10.  Cross  Section  Method.  A  broken  line  is  run  which 
shall  lie  as  near  the  expected  location  line  as  possible.  The  bear- 
ing and  length  of  each  segment  of  the  broken  line  is  determined 
and  also  all  essential  topographical  features  on  either  side.  Bear- 
ings are  sometimes  taken  only  with  a  compass,  which  has  the 
advantage  of  great  rapidity  but  lessened  accuracy.  For  more  ac- 
curate work,  true  azimuth  is  carried  along  by  means  of  back  sights 
at  previous  stations.  The  azimuths  between  stations  should  be 
checked  by  means  of  needle  readings.  It  is  advisable  to  determine 
exact  azimuth  at  the  beginning  of  a  survey  and  at  intervals  of  a 
few  miles.  This  may  be  done  by  observations  on  Polaris  (see 
Plane  Surveying,  Part  II,  Pages  95  to  97),  or  still  better,  by  solar 
observations  which  may  be  taken  with  great  accuracy  at  any  time 
of  day.  Set  stakes  at  each  even  100  feet.  In  general  the  instru- 
ment stations  will  not  occur  at  the  even  100-foot  distances,  but  the 
odd  distance  should  always  be  carried  on  to  the  next  course.     The 
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stakes  should  be  about  iifteen  inches  long  and  about  one-and-one- 
quarter  inches  square.  Stakes  with  a  cross-section  of  one  inch  by 
one-and-one-half  inches  are  preferred  by  some.  The  stakes  indi- 
cating the  lOO-foot  stations  should  be  driven  to  within  five  inches 
of  the  ground.  Stakes  indicating  the  locations  of  the  transit  (called 
hubs)  should  be  driven  flush  with  the  ground.  A  "witness  stake" 
should  then  be  driven  three  feet  to  the  ricjht  and  on  this  stake 
should  be  marked  the  station  number  and  the  "  plus  distance ''; 
6\</.,  the  stake  might  show  187  +  40,  which  would  indicate  that  the 
stake  was  4G  feet  beyond  Sta.  187,  and  18,74:()  feet  from  the  start- 
ing point.  Station  stakes  should  be  marked  with  the  station 
nunjber  on  the  rear  side  of  the  stake.  Immediately  following  the 
transit  party,  the  level  party  should  obtain  the  elevations  above  the 
datum  plane  of  all  stations  and  substations,  ridges,  sags,  river  banks 
and  any  point  where  the  profile  changes  abruptly.         • 

11.  Cross  Sectioning.  Use  a  Locke  level,  resting  on  a  five- 
foot  stick,  a  50- foot  tape  and  a  ten -foot  rod  graduated  to  feet  and 
tenths.  The  cross-section  party  takes  cross  sections  (usually)  at 
every  lOO-foot  stake,  the  cross  section  being  made  perpendicular 
to  the  backbone  line  of  the  survey  at  that  place,  as  is  indicated  by 
the  dotted  lines  in  Fig.  2.  It  is  desired  to  plot  on  the  map  con- 
tours at  each  five-foot  interval  above  the  datum  plane.  Let  Fig. 
8  represent  a  typical  cross  section.  Set  the  level  (on  its  five-foot 
stick)  at  the  stake  S.  The  elevation  of  this  stake  given  by  the 
level  party  is  (say)  1G9.4.  The  level  therefore  has  an  elevation  of 
174.4.  If  the  level  rod  is  moved  up  hill  until  it  is  found  (by 
trial)  that  4.4  mark  is  on  a  level  with  the  telescope,  then  the  base 
of  the  rod  must  have  a  level  of  170  and  must  be  on  the  170-foot 
contour.  Measure  the  distance  horizontally  from  stake  to  rod 
and  record  as  shown  in  Fig.  4.  Leaving  the  level  rod  at  that  point, 
carry  the  stick  and  level  up  the  hill  until  a  level  line  strikes  the 
top  of  the  rod.  The  bas^  of  the  stick  is  evidently  on  the  175-foot 
contour.  Measure  and  record  the  distance  as  before.  Carry  the 
level  rod  to  that  point  and  in  a  similar  manner  determine  the  180- 
foot  contour  if  desired.  The  165-foot  contour  is  evidently  9.4  feet 
below  the  telescope  when  on  the  5 -foot  stick  at  the  center  stake. 
The  distance  from  the  center  to  the  165-foot  contour  can  thus  be 
found.     Lower  contours  can  be  similarly  obtained.     The  results 
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PROVED  INSUPERABLE 

Gorge  of  the  Zambesi  River  below  the  Victoria  Falls,  now  spanned  by  a  modem  steel  arch 
bridge.  The  waters  of  the  river,  two  miles  wide  above  the  Falls,  are  here  confined  between 
400-foot  basalt  walls  not  over  50  vards  apart.  For  view  of  the  Victoria  Falls  bridge,  see  Vol.  VI, 
page  26. 
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should  be  plotted  in  a  note-book  ruled  in  quarter-inch  squares, 
each  side  of  a  square  representing  25  feet.  The  work  will  then  be 
plotted  on  the  scale  of  100  feet  per  inch.  If  the  successive  stations 
are  plotted  nj)  the  page,  the  drawing  will  correspond  with  the 
points  when  looking  ahead  along  the  line.  After  plotting  each 
section,  the  corresponding  contours  should  be  connected  to  form  a 
sketch  like  Fig.  4.  The  crossing  of  the  main  line  by  a  contour 
may  be  similarly  determined.  Fig.  4  is  simply  an  enlarged  detail 
of  a  sketch  like  Fig.  2.     Although  the  Locke  level  is  incapable  of 


Fig.  2. 


accurate  leveling  work,  any  error  that  may  be  made  by  the  above 
method  is  confined  to  the  station  where  it  occurs  and  is  not  carried 
on  and  made  cumulative.  With  reasonable  care  such  inaccuracies 
can  be  kept  within  desired  limits,  while  the  rapidity  is  far  greater 
than  a  more  accurate  method. 

12.  Stadia  Method.  This  consists  simply  of  a  stadia  survey 
of  a  long  and  narrow  belt  of  country  by  the  same  general  methods 
as  those  employed  in  ordinary  stadia- topographical  surveys.  One 
advantage  of  this  method  is  that  the  levels  can  be  carried  alontr 
very  successfully  as  a  part  of  the  stadia  work,  if  particular  care  is 
taken  to  always  obtain  practical  agreement  in  the  vertical  angles 
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for  the  foresight  and  backsight  between  consecutive  stations.  This 
will  generally  perfiiit  more  rapid  work,  as  the  progress  of  the 
whole  party  is   sometimes  limited   by  the  progress  of  the  level 

party.     The  added  cost 

^QQ __!._.  of  the  level  party  is  also 

saved.     It  is  here  as- 
sumed that   the  details 
of  stadia  work  have  al- 
ready been  studied  and 
therefore  no  further  dis- 
cussion will  be  given  of 
this  very  simple  appli- 
cation  of  the  general 
method..     As  in  the  previous  method,  the  primary  object  of  the 
survey  is  the  preparation   of   a  map   showing  the  contours  and 
required  topographical  features  over  the  desired  area. 


Fig.  3. 


Fig.  4. 

13.  Party  Required.  It  has  been  forcibly  said  that  the  only 
duty  of  the  ch'wf-nf.jKirty  is  to  "keep  his  eyes  open".  The 
selection  of  the  best  route  for  a  road  so  depends  on  a  close  study 
otthe  country  that  if  the  chief-of-party  is  required  to  do  the  work 
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of  transitman,  as  is  sometimes  the  case,  the  work  of  either  position 
is  apt  to  suffer.  The  work  of  the  transitman  is  so  exacting  that 
he  should  not  be  required  to  spend  any  time  in  studying  out  a 
route.  Beside  these  two,  there  should  be  two  flagmen,  two  chain- 
men,  one  stakeman  and  two  or  more  axemen — depending  on  the 
wooded  character  of  the  country.  On  stadia  surveys  the  flagmen 
and  chainmen  may  be  replaced  by  two  or  more  rodmen;  it  is  also 
economical  to  have  a  recorder,  as  it  facilitates  the  progress  of  the 
whole  party.  The  cross-section  party  should  consist  of  a  level- 
man,  recorder,  and  two  tapemen.  This  party  can  be  cut  down  to 
three,  or  in  an  emergency  two,  but  it  is  uneconomical  in  the  long 
run.  The  level  party  will  consist  of  a  leveler  and  rodman.  If 
the  party  is  camping  out,  a  cook  and  one  or  more  teamsters  will 
usually  be  required  to  handle  the  camp  equipage,  as  it  is  unwise 
to  require  the  surveyors  to  spend  their  time  in  such  work. 

14.  Re-surveys.  Much  of  the  defective  location  of  rail- 
roads  is  due  to  (1)  deciding  hastily  on  a  general  route,  (2)  then 
surveying  a  line  through  the  belt  with  great  detail  and  accuracy, 
(3)  then  locating  the  line  substantially  as  first  surveyed,  because 
the  line  is  fairly  good  (or  at  least  not  very  bad),  and  also  because 
of  an  unwillingness  to  throw  away  the  detailed  work  of  a  large 
party  for  several  weeks.  Frequently  a  great  amount  of  unneces- 
sary and  wholly  useless  detail  is  surveyed  and  plotted  during  the 
reconnoissance  and  preliminary  surveys.  These  surveys  should 
only  include  those  salient  facts  which  instantly  stamp  a  route  as 
being  inferior  or  superior  to  another.  Usually  the  general  loca- 
tion of  a  large  part  of  a  route  is  self  evident  or  may  be  deter- 
mined after  a  brief  examination.  But  there  are  generally  places 
along  the  line  where  for  a  few  miles  a  hasty  examination  of  two 
or  three  lines  is  not  only  justifiable  but  is  the  only  proper  course. 
Two  or  more  of  these  short  loops  may  show  advantages  so  evenly 
divided  that  a  more  elaborate  survey  is  necessary  to  decide  between 
them.  Even  after  the  location  survey  has  been  made,  or  even 
after  construction  has  begun,  changes  are  often  proper,  but  if  the 
preliminary  surveying  has  been  well  done  only  minor  changes 
should  be  needed.  A  few  hundred  dollars  spent  on  extra  survey- 
ing is  a  wise  investment  considering  the  great  probability  of  an 
immediate  saving  of  as  many  thousands  in  construction  or  of  an 
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operating  advantage  whose  annnnl   vjiliie  nnVlit  be  as  great  as  the 
cost  of  tlie  extra  sni*Veying. 

LOCATION   SURVEYS. 

15.  Selecting  a  Route.  ^Inch  of  the  railroad  location  of 
the  country  lias  been  done  by  picking  ont  the  line  on  the  ground, 
even  making  it  follow  in  places  the  backbone  line  of  tlie  prelim- 
inary  survey,  running  from  one  course  to  the  next  by  means  of 
suitable  curves.  In  the  hands  of  a  good  engineer  the  method  is 
not  necessarily  very  bad,  but  it  is  much  improved  by  the  following 
modification.  Paj^ter  location.  The  work  of  the  preliminary  sur- 
vey is  carefully  plotted  from  the  transit  notes  and  cross-section 
book  to  a  scale  of  200  feet  per  inch.  On  this  map  may  be  plotted 
one  or  more  trial  location  lines.  Each  of  these  consists  of  circular 
curves  joined  by  tangents.  The  location  line  must  pass  through 
any  predetermined  points  and  yet  join  them  by  lines  which  will 
give  the  best  location,  considering  the  conflicting  interests  as 
described  in  section  1.  Within  the  limits  of  the  preliminary 
map  several  locations  are  generally  possible  and  ^ne  great  element 
of  the  value  of  such  a  map  lies  in  the  ease  with  which  several 
routes  may  be  laid  out  and  compared.  Profiles  may  be  drawn  for 
each  line  laid  down  by  noting  the  intersection  of  the  line  with 
each  contour.  Drawing  on  the  profile  the  required  grade  line  will 
give  a  relative  idea  of  the  amount  of  earthwork  required.  The 
method  is  especially  valuable  when  "development"  is  necessary. 
Although  such  a  line  must  sometimes  be  laid  out  by  a  bold  and 
apparently  unsystematic  trial  of  a  route,  yet  some  approach  to  a 
systematic  solution  may  be  made  as  follows:  Assume  that  the 
maximum  ruling  grade  has  been  determined  as  1.2  per  cent,  and 
that  the  contours  have,  as  usual,  a  five-foot  interval.  It  will 
require  417  feet  of  1.2  per  cent  grade  to  rise  five  feet.  Set  a  pair 
of  dividers  so  that  they  will  step  off  spaces  of  417  feet  on  the 
map.  Starting  on  a  contour  at  the  required  beginning  of  a  grade, 
swing  the  dividers  so  that  they  will  just  reach  the  next  contour 
and  continue  to  step  off  such  spaces.  Joining  these  points,  such 
a  line  would  be  a  purely  surface  line,  would  probably  be  very 
crooked  and  otherwise  unsuitable,  but  it  probably  would  be  sug- 
gestive of  a  practicable  ror*e.    After  locating  on  the  map  the  best 
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obtainable  line,  it  should  then  be  transferred  to  the  ground. 
Measure  to  scale  the  lengths  of  all  "tangents"  (the  straight  lines 
joining  the  curves),  and  the  radii  and  lengths  of  all  curves. 
Instead  of  scaling  off  the  length  of  a  curve,  it  may  be  more  accu- 
rate to  measure  with  a  protractor,  or  with  a  scale  of  chords,  the 
angle  between  the  tangents  at  each  end  of  the  curve,  and  from  the 
angle  and  the  radius  compute  the  length.  Usually  the  located 
line  will  lie  fairly  close  to  the  preliminary  line — close  enough  so 
that  tie  lines  may  readily  be  run  between  them.  These  should  be 
scaled  from  the  map.  To  prevent  the  accumulation  of  error  due 
to  inaccuracies,  the  length  (or  radii)  of  curves  or  the  length  of 
tangents  should  be  altered  if  necessary  so  as  to  make  the  location 
check  on  the  ground  with  the  positions  of. the  stakes  of  the  pre- 
liminary survey.  The  method  of  making  such  modifications  will 
be  taken  up  later. 

16.  Surveying  Methods.  Only  the  most  precise  work  with 
a  transit  can  be  tolerated.  The  compass  needle  is  only  to  be  used 
as  a  check,  but  its  use  for  this  purpose  should  be  insisted  on,  as 
it  frequently  detects  a  gross  error.  Transit  stations  should  be 
marked  by  ''hubs"  and  "witness  stakes"  (Section  10).  Reference 
stakes  should  also  be  set  at  places  as  near  as  possible  to  the  princi- 
pal stations  and  yet  outside  of  the  line  of  all  earthwork  operations, 
so  that  at  any  stage  of  the  construction  the  positions  of  the  original 
stakes  may  be  easily  recovered.  The  link  chain  as  a  measurer  has 
now  been  practically  discarded  for  the  steel  tape.  Fractions  of  a 
foot  are  measured  in  tenths  and  hundredths  rather  than  in  inches. 
The  lyey^sonnel  of  the  party  will  be  almost  identical  with  that  of 
the  preliminary  survey  party  except  that  the  cross  section  party 
will  be  replaced  by  the  slope-stake  party,  whose  duties  are  similar, 
but  who  generally  use  a  level  on  a  tripod  rather  than  a  hand  level. 
Th,e  description  of  the  duties  of  the  slope-stake  party  will  be  de- 
ferred to  a  later  chapter.  The  leveling  party  should  establish 
"bench-marks"  at  frequent  intervals  along  the  line.  A  spike 
driven  in  the  roots  of  a  large  tree  is  one  of  the  best  and  easiest  es- 
tablished of  marks  in  rural  districts.  A  mark  on  any  large 
masonry  structure,  such  as  a  bridge  abutment  or  a  building,  should 
be  obtained  when  possible.  Levels  should  be  taken  to  hundredths 
of  a  foot  on  turning  points   and   bench   marks.     Some  engineers 
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read  to  thousandths  of  a  foot,  but  when  it  is  considered  that  one 
division  of  a  level  bubble  usually  corresponds  to  30"  of  arc,  and  that 
at  a  distance  of  150  feet  a  movement  of  30"  of  arc  will  corre^ond 
to  .0218  foot  on  the  rod,  an  error  of  level  amounting  to  a  very  small 
fraction  of  a  division  will  make  an  error  of  several  thousandths  or 
even  a  hundredth.  Therefore  unless  unusual  care  is  taken  in 
handling  the  level,  it  is  a  useless  refinement  to  read  the  rod  to 
thousandths.  In  reading  elevations  of  the  surface  of  the  ground, 
the  nearest  tenth  of  a  foot  is  sufficiently  accurate.  The  complete 
details  of  location  surveys  can  only  be  appreciated  after  the  subject 
of  railroad  curves  has  been  studied,  and  they  will  not  therefore  be 
further  elaborated  here. 

SIMPLE  CURVES. 

17.     Method  of  Measurement.     The  alignment  of  a  track  is 
the  geometrical  form  of  the  line  midway  between  the  two  rails. 
Such  a  center  line  may  be  a  straight  line,  a  simple  curve  or  a  curve 
of  double  curvature,  but  it  simplifies  matters  to  consider  always  ^ 
the  horizontal  projection  of  such  lines. 
\  Their  vertical  projections  are  considered 

^;^[\       separately  when  it  is  necessary.     Curves  are 
^.^^       h^      sometimes  designated  by  their  radius  or  by 
^^^^  lg\     the  decrees  and  minutes  subtended  by  a  unit 

^^v^;*^  Ui      cliord.     Xearly  all  railroad  curves  have  such 

^-^v^^^^        ^     long  radii  that  it  is  impracticable  to  use  the 
^""'v^     center.     Therefore  all  work  is  done  at  the 
pjg  5^  ■  Circumference   in  accordance  with  geomet- 

rical principles  which  will  now  be  descmbed. 
If  AB,  Fig.  5,  is  a  cliord  of  unit  length,  tlien  D  is  called  \hQ degree 
of  ciirve  for  the  radius  E. 

AO  Bin  -^-  D  =  i-  AB  =  i-C. 

■  I"-  "  -■  -T-  (I) 

sin  -g-  D 
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which  becomes  by  inversion 


sin  -^  D 


2H 


(2) 


The  length  of  the  unit  sub-chord  varies  somewhat  with  cus- 
tom. The  ahnost  invariable  practice  in  the  United  States  is  to  use 
a  unit  chord  length  of  100  feet.  Substituting  C  =  100  in  equa- 
tion 1,  and  successively  assuming  values  from  0^  01'  up  to  12^  0' 
varying  by  single  minutes,  and  with  larger  intervals  for  higher 
degrees  which  are  very  seldom  used,  the  radius  of  almost  any  curve 
may  be  tabulated  for  ready  and  convenient  use.  Such  a  table  is 
found  in  Table  I*,  which  also  gives  the  logarithm  of  each  radius. 
A  very  common  rule,  which  is  approximate  but  accurate  enough 
for  many  uses,  is  as  follows,  using  the  same  notation  as  before: 


5730 


(3) 


i8.  Sub=Chords.  It  often  becomes  necessary  to  lay  off  a 
chord  length  which  is  less  than  100  feet  and  to  know  the  ano-le 
subtended  at  the  center.  Since  a  chord 
is  shorter  than  its  arc,  it  also  follows 
that  the  sum  of  the  four  equal  chords  in 
Fig.  6  is  also  shorter  than  the  total  arc 
although  they  are  evidently  longer  than 
the  100'  chord.  But  it  is  found  more 
convenient  to  say  that  the  chord  has  a 
nominal  length  (in  this  case)  of  25  feet. 
As  in  equation  (2)  we  may  derive 


''^2^  =  2E 


(4) 


Fig.  6. 


In  which  d  is  the  angle  subtending  the  sub-chord  whose  true 
length  is  c.     By  inversion  we  have 


c  =  2  H  sin^<^ 


(5) 


Calling  the  noininal  length  c\  we  have  the  proportion 

c'  :  100  ::d  :J) 


♦See  Webb's  "Trigonometric  Tables,"  pubUshed  by  American  School  of  Correspond- 
ence Chicago.  IlL    Price,  30c. 
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EXAMPLES   FOR    PRACTICE. 

1.  "What  is  the  true  length  of  a  chord  of  a  S'"  30'  curve 
whose  nominal   length   is  40   feet?     From   the  above  proportion, 

40 
d=YTrr-D  =  0.40  X  3.5  =  1.4'  ==  1"  24'.     Substituting  in  equa- 
tion 5,  we  have 

c  ^2  X  1637.3  X  sin  :^-(l°  24')  =  40.005. 

Note  that  the  excess  over  40  feet  is  very  small — about  one- 
sixteenth  of  an  inch.  It  is  always  small  for  low  degrees  of  curva- 
ture.    In  the  following  example  it  is  far  greater. 

2.  What  is  the  true  length  of  a  chord  of  a  12°  curve  whose 
nominal  length  is  60  feet?  A)is.  60.070.  In  this  case  it  would 
be  a  gross  error  to  neglect  to  allow  for  this  difference.. 

i9.  Length  of  a  Curve.  The  length  of  a  curve  is  always 
considered  to  be  the  quotient  of  lOOA  -^  D,  in  which  A  is  the 
total  central  angle  of  the  curve  or  the  angle  between  the  terminal 
tangents.  The  mean  length  of  the  two  rails  of  a  curve  is  always 
a  little  in  excess  of  this,  but  the  excess  is  always  so  small  that  it 
has  no  practical  importance.  It  merely  adds  an  insignificant 
amount  to  the  length  of  rail  required.  Exaiajjle,  A  4°  curve 
begins  at  Sta.  16  +  80  and  runs  to  Sta.  21  +  35.  The  nominal 
length  of  the  curve  is  455  feet.  The  actual  arc  (which  is  the 
mean  of  the  two  rail  lengths)  is 

4.55  X  4°  X  R  X  j^o  =  455.09 

which  shows  th.t  the  excess  in   this  case  = 
.09  foot,  a  little  over  an  inch. 

20.     Elements  of  a  Curve.     The  follow- 
ing fundamental  relations  apply  to  all  curves. 
See  Fig.  7.     The  beginning  of  the  curve.  A, 
is  called  the  point  of  curve ^  PC.     The  othei 
end  of  the  curve  at  B  is  called  the  point  of 
tangeacy^  PT.     The  intersection  of  the  two 
tangents   is  called  the  vertex  (V).     The  central  aiujle^  A,  is  the 
an^?e  at  V  between  the  tangents,  and   it  is  equal  to  the  angle  ai 
iie  center,  O,  between  the  radii  drawn  to  the  PC  and  PT.     The 
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two  equal  tangents  AV  and  BY  are  called  tangent  dUtancefi^  T. 
The  chord  AB  is  called  the  long  chord^  LC.  The  distance  HG 
from  the  middle  of  the  long  chord  to  the  middle  of  the  arc  is 
called  the  middle  ordinate,  M.  The  distance  GV  from  the  middle 
of  the  arc  to  the  vertex  is  called  the  external  distance^  E.  From 
trigonometry  the  following  commonly  used  relations  are  easily 
derived. 

T  =  Ktan^  A  (6) 

LC^2Ksin^A  (7) 

M^Kvers^A  (8) 

E  =  li  exsec  -^  A  (9) 

{^N^ote.  The  versed  sine,  abbreviated  to  vers,  and  the  exter- 
nal secant,  abbreviated  to  exsee,  are  trigonometrical  functions 
which  are  not  commonly  used  except  in  railroad  work,  and  some 
works  on  trigonometry  omit  their  discussion.  An  inspection  of 
the  figure  readily  shows  that  vers  a  =  1  -  cos  a,  and  that  exsec 
a  =  sec  a  -  1.) 

From  trigonometry  we  may  derive  the  general  equation  that 

tan  a  -7-  exsec  a  =  cot~^a.  Therefore,  by  dividing  equation  6  by 
equation  0  and  transposing  we  obtain 

T  =  Ecot  -^-  A  (10) 

21.  Elements  of  a  1 '  Curve.  The  various  elements  of  a  curve 
are  exactly  proportional  to  the  radius  and  nearly  proportional  to 
the  degree  of  curve.  Therefore  if  the  tangents,  external  distances 
and  long  chords  are  computed  from  equations  0,  7  and  9  for  var- 
ious values  of  A  from  l""  to  91^,  varying  by  10',  then  an  approxi- 
mate value  for  any  degree  of  curve  and  value  of  A  may  be  found 
by  taking  out  its  value  for  a  1^  curve  (by  interpolation  if  necessary) 
and  then  dividing  that  value  by  the  degree  of  curve.  For  low 
degrees  of  curvature  the  inaccuracy  of  this  method  is  usually  small 
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enough  to  be  neglected.  Even  for  sharper  curvature  the  values 
obtained  are  accurate  enough  for  approximate  work.  For  abso- 
lutely accurate  values  equations  0  to  9  should  be  used,  but  the 
tabular  values,  found  in  Table  II*,  may  always  be  used  as  a  check. 

22.  Numerical  Examples.  1.  What  is  the  tangent  distance 
of  a  3"  10'  curve  whose  central  angle  is  Kr  20'? 

Solution.  log  11  =  3.25757 

-  A  =  8^  13',  log  tan  =  9.15950 

Tangent  =  201.30       log  201.30  =  2.41714 

Approximate  solution.  Interpolating  in  Table  II*  between  the 
values  for  A  =  10"  20'  and  lO'^  30'  we  have  the  value  827.30  as 
the  tangent  distance  for  a  1°  curve  when  the  central  angle  is  10° 
20'.  Dividing  827.30  by  3.1000  (3°  10')  we  have  201.27  as  the 
approximate  value.  The  inaccuracy  is  about  one-hundredth  of  one 
per  cent  or  in  absolute  value  about  three-eighths  of  an  inch. 

2.  Compute  the  external  distance  and  the  long  chord  for  the 
above  curve,  both  accurately  and  approximately. 

3.  Two  tangents  make  an  angle  of  18°  24'.  It  is  desired  to 
run  a  line  which  shall  pass  21.2  feet  from  the  vertex  of  the  curve. 
What  is  the  required  radius  and  the  resulting  tangent  distance? 
Indicated  solution.  The  known  quantities  are  E  and  A;  from 
equation  10  we  may  derive  T;  then  with  T  known  and  A  a  given 
quantity,  we  may  compute  R  by  an  inversion  of  equation  0. 

METHODS   OF  FIELD    WORK. 

23.  Location  of  Points  by  Deflections.  The  angle  between 
a  tangent  to  a  curve  at  any  point  and  a  secant  from  that  point  to 
any  other  point  of  the  curve,  is  measured  by  one-half  of  the  arc 
between  those  points.  It  is  also  equal  to  one-half  of  the  angle 
between  the  radii  to  those  points.  On  this  fundamental  geomet- 
rical proposition  depends  the  whole  science  of  circular-curve  loca- 
tion. As  a  corollary,  the  angle  between  two  secants  intersecting 
on  a  point  of  the  curve  is  measured  by  one-half  of  the  intercepted 
arc  or  by  one-half  of  the  angle  between  the  radii  drawn  to  the 
ends  of  the  intercepted  arc.  Applying  these  statements  to  Fig.  8 
we  have 


•See  Webb's  "Trigonometric  Tables,"  published  by  American  School  of  Correspond- 
ence, Chicago,  IlL    Price,  50c. 
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TOa  =  ~  OCa 


If  Oa  =  100  feet,  then  by  definition,  the  angle  OCa  =  D,  and 
the   angle  TOa  =  ^D.     Likewise  if  the  chord  ah  =  100  feet, 

then  the  angle  aCb  =  D  and  the  angle  a07j  =^D.      dd  is  & 

subchord   subtending  the  angle  rZ,    and    the   angle  bOd  =  ^  d. 

Therefore  if  a  transit  is  set  up  at  the  point  O,  any  point  of  the 
curve  may  be  determined  by  measuring  the 
proper  chord  length  from  O   in  a  direction  '^o' 

determined  by  swinging  an   angle  from  the  /  v^ 

tangent  OT  equal  to  one-half  of  the  angle  /  y  \^ 

measured  at  C   between  O  and   the  desired  //         J>\ 

point.     But  the  measurement   need    not   be  //  ^^^'^ 

made  directly  from   O  if  other  points    have     c^-^ 

already  been  determined;  b   may  be    deter- 
mined from  a  and  d  from    b.     Since    it  is  p.     ^ 
generally  impracticable  to  locate  more  than 

500  feet  of  curve  from  any  one  point,  on  account  of  natural 
obstructions  (and  sometimes  the  distance  is  very  short),  the  transit 
must  be  moved  up  to  a  new  station  already  established  on  the 
curve.  But  the  same  principles  will  apply  and  may  be  repeated 
indefinitely. 

24.  Computing  the  Deflections.  If  the  point  of  curve  is 
less  than  100  feet  from  the  last  regular  station,  the  remainder  of 
the  100  feet  must  be  laid  off  as  a  subchord.  One-hundred-foot 
chords  are  set  off  until  a  station  is  reached  which  is  within  100 
feet  of  the  end  of  the  curve  or  (numerically)  until  the  degrees  of 
central  angrle  remaining  is  less  than  D.  That  remainder  is  the 
angle  for  the  final  subchord.  The  foregoing  may  be  illustrated  by 
a  numerical  case:  A  4°  curve  is  to  begin  at  Sta.  24  +  40.  The 
central  angle  is  18°  40'.     Compute  the  deflections.     The  first  sta- 
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tion   point   is  00  feet  beyond   the  point  of  curve.     The  subchord 

angle  is  therefore  jj^  X  4°  =  2.4°  =  2"  24'.    The  deflection  from 

the  tangent  is  one-half  of  this  or  1"  12'.     The  deflection  for  the 

P.T.  is  one-half  of  the  total    central  angle  or  9°  20'.     Subtracting 

1°  12'  we  have  left  8°  08',  which  will  allow  for  four  deflections  of 

0°  08' 
2°  each  and  0°  08'  over,  which  will  require  a  chord  =  —^p~  X  100 

:=  G.G7  feet.     The  curve  will  therefore  end  at  Sta.  29  +  6.67. 

18°  40' 
This  may  be  verified  or  otherwise  computed  as  follows:      — -r^ — 

=  4.66667,  the  total  nominal  length  of  the  curve  in  station  lengths 
of  100  feet.  That  is,  the  length  will  be  466.67.  The  first  sub- 
chord  is  60  feet;  then  four  chords  of  100  feet;  then  a  final  subchord 
of  6.67  feet.     The  deflections    may  be  tabulated  as  follows: 

P.O.  Sta.  24  +  40  0° 

25  0°         +  1°  12'  =:  r  12' 

26  1°  12'  +  2°         =  3°  12' 


27 

3°  12' 

+  2° 

=  5° 

12' 

28 

5°  12' 

_i_  90 

=  T 

12' 

29 

7°  12' 

_L   2° 

=  9° 

12' 

29  4-  6.67, 

9^  12' 

+  0'^ 

08' 

=  9° 

20', 

which 

is 

one 

half  of  18° 

40'  as  it  should  be. 

25.  Instrumental  Work.  The  above  numerical  case  is  com- 
paratively simple.  When  the  degree  of  curve  is  an  odd  quantity 
and  when  difliculties  of  location  require  that  the  transit  be  set  up 
at  substations  on  the  curve,  then  the  numerical  work,  although 
worked  out  on  precisely  the  same  principle,  is  much  greater  and 
chances  for  numerical  error  are  greater.  The  following  rule  for 
instrumental  work  is  as  simple  as  any  for  the  simple  cases  and  is 
far  better  for  the  more  complicated  cases.  Compute  the  deflec- 
tions for  all  stations  and  substations  as  illustrated  above.  Set  up 
the  transit  at  the  P.C.,  and  locate  from  it  all  stations  that  may  be 
conveniently  reached.  Then  move  up  the  transit  to  a  forward 
station  and  use  the  following  rule: 

\\7n<fi  the  trail  Hit  is  set  at  any  forward  station^  hacksight  to 
ANY  ^yr^//??^«  station  with  the  j^lates  set  at  the  deflection  angle 
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for  the  statlath  sighted  at.  Plunge  the  telescope  and  sight  at 
anij  forward  station  with  the  deflection  angle  computed  for  that 
station. 

The  student  should  verify  for  himself  the  truth  of  this  rule 
by  drawing  out  a  simple  case  and  noting  the  angles  both  for  fore- 
sight and  backsight  for  any  station,  when  the  transit  is  located  at 
any  station. 

Curve  location  requires  extreme  care  on  the  part  of  field  men, 
for  a  very  slight  inaccuracy  is  apt  to  be  multiplied  until  the  error 
is  intolerable.  The  transit  should  be  very  carefully  centered  over 
hubs,  which  should  be  referred  to  points  which  will  not  be  dis- 
turbed durinor  construction. 

26.  Special  Methods  of  Location.  The  above  method,  using 
a  transit  and  tape,  is  the  ordinary  and  preferable  method,  but  it  is 


Fig.  9. 

sometimes  necessary  to  lay  out  a  curve  when  a  transit  is  not  at 
hand  and  there  are  sometimes  special  conditions  when  a  modifica- 
tion of  the  above  method  will  be  more  accurate.  The  engineer 
must  have  learned  the  fundamental  principles  of  curve  location  so 
thoroughly  that  he  may  decide  on  the  best  method  to  use  and  even 
to  invent  some  modification  which  may  best  suit  the  special  case 
in  hand.     A  few  of  these  special  cases  will  be  described. 

{a)  Using  two  transits.  The  location  may  run  over  swampy 
ground  where  accurate  chaining  is  impracticable.  Some  point  of 
the  curve  beyond  the  swamp  may  be  located,  perhaps  by  triangu- 
lation,  by  computing  its  angle  of  deflection  and  the  length  of  the 
long  chord  (equation  7).  The  point  beyond  the  swamp  may  or  may 
not  be  the  P.  T.  Then  set  up  two  transits  simultaneously  at  the 
stations  located  on  firm  ground     The  defiection  of  each  chord  from 
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the  tangent  to  the  curve  at  tlie  instrument  point,  or  from  the  long 
chord,  is  a  simple  rtiatter  of  geometry  (see  §  23).  A  rod  man  can 
locate  each  point  by  placing  himself  at  points  where  he  is  simul- 
taneously in  line  for  both  transits. 

{}))     By  taiKjentlal  offsets.     The  solution   of  this  as  well  as 
the  following  methods  will  be  indicated  by  the  lines  in  the  figures. 

In  each  case  the  solution  is  an  appli- 
cation of  simple  geometrical  and  trigo- 
nometrical principles.  The  solutions 
are  somewhat  lengthened,  although  not 
essentially  modified,  when  the  curve 
begins  or  ends  with  a  subchord.  In 
Fig.  10,  for  example 

07/  =  Oa'  +  a'h'  =  40  cos  0^  36' 
+  100  cos  (1°  12'  +  r  30') 
W  =  h'  h"  -f  h"h  =  40  sin  0°  36'  +  100 'sin  {V  12'  +  1°  30') 

and  similarly  for  other  points. 

(c)  By  middle  ordinates.  Compute  first  the  length  of  a 
long  chord  for  two  stations  and  the  middle  ordinate  of  such  a  chord. 
For  subchords,  compute  the  long  chord  and  middle  ordinates  for 
an  angle  twice  that  subtended  by  the  subchord.  These  distances 
should  be  laid  off  on  the  ground  as  indicated  in  the  illustration. 
In  Fig.  11,  Oa"  is  half  the  long  chord  for  two  stations  and  a" a 
equals  the  middle  ordi- 
nate for  such  a  long 
chord.  Lay  off  Or^  on 
the  tangent  and  measure 
out  the  offset a"<^^.  Meas- 
ure out  aaf  (=  a"a^  so 
that  aa'  is  perpendicular 

to  Oa\  and  produce  Oa'  to  h.  Oa"  =  O^^'  =  a'b. 
and  f'jd,  etc.,  will  be  located  similarly.  In  Fig. 
long  chord  for  twice  the  arc  Oa,  and  On  is  its 


Fig.  11, 


Thus  is  b  located, 
12,  an  is  half  the 

middle  ordinate. 
Compute  similarly  2y  and  z'z,  and  lay  off  on  the  ground  a  and  z. 
Compute,  aa  in  the  regular  case,  aa'  and  za'  ( =  a'b)',  h  is  then  laid 
off  as  before. 
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{(2)  By  offsets  from  the  long  chord.  The  geometry  involved 
is  apparent  from  an  inspection  of  Fig.  13,  in  which  is  shown  the 
general  case  of  a  curve  beginning  and  ending  with  a  subchord. 
All  of  the  above  methods  are  mathematically  perfect  in  theory, 
but  when  curves  are  thus  laid  out  without  the  aid  of  a  transit  the 
work  is  apt  to  be  inaccurate  unless  unusual  care  is  taken. 

27.  Obstacles  to  Location. 
As  in  the  previous  section,  the 
problems  are  usually  simple  ex- 
amples in  geometry  and  trigo- 
nometry, and  the  engineer  must 
select  the  solution  which  will 
give  the  best  result. 

{a)  Vertex  inaccessible. 
The  tangents  are  frequently 
fixed  by  certain  conditions,  and 
yet  the  intersection  of  the  tan- 
gents is  within  a  building  or  in  gOme  place  where  it  is  impossible 
to  set  up  a  transit.  In  the  oase  shown  in  Fig.  14,  the  tangents 
are  given  by  the  points  a,  J,  n  and  m.  By  measuring  the  angles 
baY  and  aJY  and  the  distance  ab,  the  triangle  abY  may  be  solved, 
and  the  distances  aY  and  bY  computed.  The  external  angle  at  Y  is 
the  sum  of  tlie  angles  at  a  and  />,  and  equals  the  total  central  angle 

A.  Having  decided  on  the 
radius,  the  tangent  distances 
are  computed  by  equation  G, 
and  then  the  differences  B^ 
and  Ka  can  be  measured  off 
and  the  P.C.  and  the  P.T.  are 
thus  obtained.     As  a  check 


Fig.  12. 


Fig.  13. 


on  the  whole  work,  the  curve,  run  in  by  the  usual  methods,  should 
end  exactly  at  B,  with  the  forward  tangent  coinciding  in  direc- 
tion with  B?^. 

{b)  Point  of  curve,  or  jpoint  of  tangent,  inaccessible.  By 
making  a  diagram  of  the  desired  line  with  its  obstructions,  as  in 
Fig.  15,  the  known  and  unknown  quantities  are  readily  determined, 
also  their  geometrical  relations.  For  example,  in  the  illustration 
the  position  of  Y  (on  the  ground)  is  known,  as  is  also  the  distance 
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AV.     Then  the  comjmted  position  of  A  is  known.     Assume  some 
angle  a  such  that 

U  vera  a  =  As  =  uv  =  2>!/ 

where  .v  is  in  an  accessible  position. 
Then 

7/,s'  =  fsj}  =  It  sin  a 

and  fi  and  ^>>  can  be  located  on  the 
ground.  Then,  setting  up  a  transit  at 
//,  and  turning  from  the  line  7?^?  an 
angle  of  a,  the  tangent  is  determined 
and  the  remainder  of  the  curve  can  be 
run  in  as  usual.  If  the  P.T.  is  inac- 
cessible, the  curve  may  be  run  in  to 
some  point  m,  from  which,  by  similar 

calculations  and  field  work,  the  point  x  is  obtained,  from  which 

the  tangent  can  be  continued. 

(c)     Middle  ixirt  of  carve  ohstr acted.     The  curve  may  be 

run  as  usual  to  some  point  n  (Fig.  16)  which  should  preferably, 

although   not  necessarily,  be  an  even   station.     At  n  a  chord  ma, 

may  be  run  which  will  clear  the  obstruction.     The  angle  between 

nw  and  the  tangent  is  one-half 

the  angle  measured  by  the  arc 

nm.     From    equation  7,  the 

length  of  vm  may  be  computed 

and  then  measured  off,  thus  es- 
tablishing the  point  m,  from 

which  the  remainder  of  the 

curve  is  easily  run  in.     As  an 

illustration    of  the  elasticity  of 

this  general    method,  it    might 

under  some  conditions  be  easier 

to  run  the  dotted  curve  having 

the  same  radius  as  the  required 

furve  could  then  be  found  by  using  the  same  geometrical  principles 

used  in  §26  d. 

28.     Numerical  Examples.     All  problems  have  hitherto  been 

so  very  simple  that  nothing  has  been  said  about  the  details  of  solv- 
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ing  numerical  problems.  But  as  problems  become  more  compli- 
cated, the  greater  becomes  the  value  of  a  systematic  method  of  solu- 
tion, which  may  be  readily  reviewed,  checked  and  studied  for  the 
discovery  of  a  possible  error.  Logarithms  should  almost  invariably 
be  used  for  multiplication  and  division,  for  they  are  great  time- 
savers.  Even  if  the  student  is  unaccustomed  to  them,  it  pays  to 
become  familiar  with  them.  Such  methods  will  be  used  in  the 
following  solutions  and  the  student  is  urged  to  solve  all  such 
problems  similarly. 

1.  In  a  case  similar  to  that  sketched  in  Fig.  14,  ab  was 
measured  as  476.25;  the  angle  Yah  was  measured  as  24°  18',  and 
the  angle  Yha  34°  22'.  The  curve  is  to  be  a  3^  30'  curve.  Its 
radius   is   therefore    1637.3.     A  =  24°  18'  -f-  34°  22'  =  58°  40'. 

Compute  (fK  and  hB,  Logarithms. 

Equation  6.  R  (3°  30')  3.21412 

tan  -^  A  =  tan  29°  20'  9.74969 


2 


T  =  920.04      2.96381 


.     o.    ,^^.                            ah  =  476.25  2.67783 

sin  o-k    — '  _ 

""        sin  58°  40'                          log  sin  ^4:°  22'  9.75165 

co-log  sin  58°  40'  0.06836 

aX  =  314.74  2.49795 
Tan  AV  =  920.04 


aK  =  605.30 
._  .  sin  24=  18'  . 

^^  =  ^^^  .^»  r.vo  ./v  ah  =  476.25  2.67783 


sin  58°  40' 


log  sin  24°  18'  9.61438 

co-log  sin  58°  40'  0.06846 

hY  =  229.45  2.36068 
Tan  BV  =  920.04 


/.B  =  690.59 

2.  Example  as  in  Fig.  15.  D  =  3°  20'.  A  =  23°  40'.  It 
is  estimated  that  at  v,  180  feet  back  from  Y,  the  line  7ij)  will  prob- 
ably clear  the  obstruction  at  A;  ns  is  the  difference  between  180 
and  the  computed  tangent  distance  AV;  ns  -=-  K  =  sin  a.  Then 
nv  =  py  =  R  vers  a.     Locate   u   by  the  offset  vn^  and  make  a 
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similar  offset  at  y.  If  this  line  does  not  clear  the  obstruction, 
another  value  of  a  (probably  greater)  should  be  assumed  and  new 
values  for  Kv  and  v)i  computed.  Compute  the  numerical  values 
as  above. 

29.     Modifications  of  Location.     Only    a    few   of    the    very 
many  changes   which   are  at  times  required   will  here  be  given. 

They  are  all  solvable  by  a  few  principles 
of  geometry  and  trigonometry.  The  oc- 
casion for  many  such  changes  is  the  ad- 
justment of  the  inaccuracies  of  a  "paper 
location." 

( 1)  To  move  the  forward  tangent  par- 
allel  to  itself  a  distance  a?,  the  radins 
remainiiig  unchanged.  See  Fig.  17. 
Every  point  of  the  curve  is  moved  par- 


Fig.  16. 


allel  to  the  first  tangent  a  distance  AA'  = 
BB'=Vy'  =  00'. 


AA'  = 


B'n 


X 


sin  7^BB'      sin  A 


(") 


(2)     To  move  the  forward  tangent  parallel  to  itself^  the 
point  of  curvature  remaining  unchanged.     Since  the   central 
angle  (A)  is  unchanged,   the  curve  and   all  its  parts  are  simply 
enlarged  or  reduced  according  to  some  ratio, 
as  is  apparent  from  Fig.    18.     The  known 
quantities  are  the  change  in  the  tangent  w' 
(or  .t"),   the  central  angle  A  and  the  original 
radius  R. 


VV 


Y'h 


X 


sin/^VV 


sin  A 


(12) 


Then  the  new  tangent  distance  AV  ^  AV 
-j-  YV.  The  triangle  B?/?B',  being  similar 
to  the  triangle  AG'  B',  is  isosceles  and  ^tn 
=  Ji'ni.     Then  the  new  radius 


11=  R 


B  -.    U  + 


B'r 


vers 


B'?//B  '~  ^  +versA  ^'^^ 
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The  modifications  of  this  solution,  when  the  tangent  is  moved 
toward  the  center,  are  very  simple  and  are  apparent  from  the  figure. 

(5)  To  change  the  direction  of  the  forward  taivgent  at  the 
point  of  taiKjency.  The  central  angle  scaled  off  from  the  paper 
location  miorht  have  an  error  which 
would  be  best  corrected  by  this  means. 
This  solution  is  but  one  of  a  large  class 
in  which  the  central  angle  is  modified. 
The  required  change  (a)  in  the  central 
angle  is  one  of  the  given  quantities. 
K,  A,  AY  and  BY  are  also  known. 
In  Fig.  19,  A'  =  A  -  a;  B.5  =  R  vers 
A: 


B^  :=  E'  vers  A' 


(14) 


Fig.  18. 


vers  (A  -  a) 

Also,  since  A^  =  R  sin  A  and  K's  =  R'  sin  A',  we  have 

AA'  =  A'^  -  A«  =  R'  sin  A'  -  R  sin  A        (15) 

30.  Examples.  1.  Given  a  4"^  20'  curve  with  a  central  angle 
of  18°  28'.  It  is  required  to  move  the  forward  tangent  parallel  to 
itself  12  feet.  How  much  is  the  change  of  the  P.O.  (the  distance 
AA'  in  Fig.  17)  ? 

2.  Given  the  same  curve  as  above,  it 
is  required  to  move  the  tangent  toward  the 
center  12  feet,  but  without  changing  the 
P.O.  What  will  be  the  changes  in  the 
tangent  distance  and  the  radius? 

3.  Given  the  same  curve  as  above,  it 
is  required  to  diminish  the  central  angle 
by  0°  22',  but  retaining  the  same  P.T. 
What  will  be  the  new  radius  and  the  change 
in  the  P.C? 


COMPOUND   CURVES. 

31.  Definition.  Compound  curves  consist  of  a  succession  of 
two  or  more  curves  of  different  radii  which  have  a  common  tan- 
gent where  they  meet.     They  Duty  be  laid  out  by  the  same  method 
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as  simple  curves,  but  there  are  certain  geometrical  relations  exist- 
ing between  the  parts  of  a  compound  curve  which  greatly  facili- 
tate the  computations,  especially  when  any  modifications  are 
required.  In  the  following  demonstrations  11,  and  R,  will  always 
re})resent  the  smaller  and  larger  radii  respectively,  no  matter 
which  succeeds  the  other.  A,  and  A^  will  always  represent  the 
corresponding  central  angles.  Although  li.^  is  always  larger  than 
It,,  A2  may  or  may  not  be  larger  than  A,.  T,  is  always  adjacent  to 
the  larger  radius  R,  and  is  always  larger  than  T,. 

32.  Mutual  Relations  of  the  Parts 
of  a  Compound  Curve  of  Two  Branches. 
The  curve  is  illustrated  in  Fig.  20,  in 
which  AC  and  CB  are  the  two  curves 
with  radii  of  B,  and  R^  respectively. 
Therefore  by  the  above  definitions  the 
other  functions  are  as  indicated  in  the 
figure.  Produce  the  arc  AC  until  the 
angle  CO,  x  =  A^.  Then,  by  similar 
triangles,  the  chord  Cx  produced  must 
intersect  E.  Also,  if  xt  is  drawn  parallel 
to  CO2,  it  w^ll  equal  B^  and  the  angle 
Then  draw  A.y  and  xk  perpendicular  to  O^  x. 


Fig,  20. 


xt^  will  equal  A,. 
Then 


xt  vers  xtB 
■j:s     =  AOj  vers  KO^x 
Am  —  AV  sin  AY la 
Ant  =  B^*  +  xs 


(R,  -  It  J  vers  A, 
Rj  vers  A 
T,  sin  A 


T,  sin  A  =  R,  vers  A  +  (R,  -  l\)  vers  A^.  (16) 


the  figure,  it  may  similarly 


By  drawing  a  few  additional  lines  in 
be  proved  that 

T,  sin  A  =  R^.  vers  A  -  (U,  -  R/)  vers  A^       (17) 

By  algebraic  transformation  we  may  derive  from  equations  10  and 
17  the  following  useful  relations.  The  details  of  the  derivation  of 
these  equations  is  suggested  as  a  profitable  exercise  for  the  student. 


R,  =  R, 


Tj  sin  A  -  R,  vers  A 

vers  (A  -  A,) 


(18) 


110 


RAILROAD  ENGINEERING 


SI 


K. 


T,  sill  A  vers  A,  —  T.^  sin  A  (vers  A  -  vers  A,) 
vers  A.,  vers  Aj  -  (vers  A  -  vers  A,)  (vers  A  -  vers  A., j 


(•9) 


S3,     Modifications  of  Location.     As  in  §  29,  only  a   few  of 
•the  most  coninion  moditicatioiis  will  be  here  illustrated. 

1.  To  move  the  forward  tangent 
"parallel  to  itself^  but  without  chajiginij 
the  radii.     From  Fig.  21  we  derive 

X  =  0,9  -  O^V  =  (R,  -  R,)  cos  A,  -  (R, 
-  R,)  cos  A./,  from  which 


cos  A  '  =  cos  A .  - 


R,-K, 


(20) 


Fig.  2L 


Fig.  21  shows  the  tangent  as  having  been 
moved  outinard\  in  such  a  case  the  P.C.C. 
(which  means  the  '*  point  of  compound 
curvature  ")  is  moved  hackward  along  the  sharper  curve.  If  it  is 
desired  to  move  the  tangent  toward  the  center,  the  required  equation 
may  be  found  by  transposing  A,  and  A/  in  equation  20.  But  in 
this  case  the  sharper  curve  must  be  extended  and  the  P.C.C.  must 
be  moved  forumrd. 

In  case  the  larger  radius  comes  first,  the  figure  is  apparently 
quite  different,  although  a  little  study  will  show  that  the  same 
principles  apply.     From  Fig.  22  we  derive 

r/'  =  0/.y'  -  0,.9  =  (R^  -  Rj)  cos  A,'-  (R,  -  R.) 
cos  A,  from  which  we  have 


cos  A/ 


cos  Aj  +  tt-^-tt 

lio  —  Iw, 


(21) 


Fig.  22  shows  the  tangent  as  having  been 
moved  outward\  in  such  a  case  the  P.C.C. 
is  moved  forvmrd  along  the  easier  curve 
which  is  extended.  As  before,  if  the  tan- 
gent is  moved  iiuoard^  transpose  A,  and 
A,'  in  equation.  The  P.C.C.  will  then  be 
moved  hackward  aloncr  the  first  curve. 

(2)  To  change  the  radius  of  one  of  the  curves  vjithont 
changing  either  tangent.  The  requirements  will  be  apparent 
from  a  "paper"  solution.     In   Fig.  23  assume  that   the  longer 
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radius,  which  comes  first,  is  to  be  sliortened  by  an  amount  equal 
to  sO,y  Tlie  new  center  O'  must  lie  somewhere  on  the  arc  whose 
center  is  O,  and  wliose  radius  is  Oj.s'.  It  also  must  lie  on  a  line 
which  is  parallel  to  AY  and  distant  from  it  by  E/  which  is  equal 
to  ."?  -  P.C.C.  With  O./  as  center,  draw  an  arc  from  O,  to  w/. 
With  O.^  as  center,  draw  an  arc  from  Oj  to  m.  It  may  be  proved 
that  w///f'  is  paraHel  to  AY.  Draw  tlie  line  O,?^  perpendicular 
to  AG... 


wii=  (R, -It,)  vers  A/,  //i'/i'  =  (R/ -  Rj)  vers  A./;  vm  =  w'n\ 

(22) 
AA'  =  O,^^  -(),//  =  (R_,  -  R,)  sin  A,  -  (R/  -  R,)  sin  A/  (23) 


^  ,      (R,  -  RO 
vers  A./  =  W7 — rrx  vers  A., 


34.  Examples.  1.  A  5°  30'  curve  with  a  central  angle  of 
10°  22'  has  a  tangent  distance  of  1800  feet  from  the  P.O.  to   the 

vertex.  At  the  P.C.C.  the  curve 
compounds  into  an  easier  curve. 
The  total  central  angle  is  30°  18'. 
What  is  the  radius  of  the  easier 
curve,  and  what  is  tangent  dis- 
tance  ? 

Aii.9we7\  The  given  quantities 
are  R,  the  .^Ar?^^^^' radius,  Aj,  A,  and 
T, ;  tlie  required  quantities  are  R, 
and  Tg.  By  substituting  the  known 
quantities  in  equation  18  and  then 
the  computed  valve  of  R2  in  equa- 
tion 17,  the  required  quantities  are 
found.     The  student  should  perform  this  numerical  work. 

2.  A  2''  30'  curve  450  feet  long  runs  into  a  5°  30'  curve  260 
feet  long.  It  is  required  to  move  the  forward  tangent  hi  0.4  feet, 
but  without  changing  either  radius.  Reqnired  the  change  in  the 
P.C.C.  Comment.  The  solution  evidently  requires  the  indicated 
modification  of  equation  21.  It  should  be  noted  that  a  practical 
^ohition  always  requires  that  the  resulting  value  of  the  cosine  shall 
be  less  than  unity,  which  means  that  x  can  never  be  greater  than 
(Rj  -  R,),   and  also  means  that   the  sum  of    the  cosines  of    the 


Fig.  2:5. 
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original  angle  and  its  modified  angle  shall  be  less  than  unity.  The 
linear  change  in  the  P.C.C.  may  be  found  by  the  formula 

Linear  change  =  (angular  change  in  degrees) 
X  (radius  of  curve)    X  -jg^r 

3.  Assume  the  same  curve  as  in  example  2,  but  that  it  is 
required  to  change  the  2^^  30'  curve  to  a  2'^  curve  without  changing 
the  tangents.  Coninient.  Fig.  23  may  be  made  to  apply  by 
transposing  the  new  and  old  larger  radii,  and  their  corresponding 
central  angles.  Note  that  when  such  changes  are  made  in  equa- 
tion 22,  the  equation  is  unchanged.  The  effect  on  equation  23  is 
merely  to  change  the  algebraic  sign,  which  means  that  the  P.C.C. 
is  moved  backward  instead  of  forward. 

4.  Draw  a  figure  corresponding  to  Fig.  23  but  showing  a 
change  in  the  smaller  radius  Ej. 

TRANSITION  CURVES, 

35.  Reasons  for  Use.  "When  a  train,  or  any  other  mass,  is 
in  motion  it  requi/es  a  definite  force  to  make  it  move  in  a  curved 
path.  If  the  rails  at  opposite  points  of  a  railroad  curve  were  at 
the  same  level,  this  centripetal  force  could  only  be  furnished  by 
the  pressure  of  the  wheel  flanges  against  the  outer  rail.  To  avoid 
such  a  dangerous  pressure,  which  would  make  high  speed  imprac- 
ticable, the  outer  rail  is  made  higher  than  the  other.  But  it  is 
manifestly  impracticable  to  suddenly  raise  the  outer  rail  at  the 
beginning  of  a  curve  and  lower  it  as  suddenly  at  the  end  of  the 
curve.  There  must  be  a  "run-off"  of  considerable  length.  If 
this  run -off  were  placed  exclusively  on  the  tangent,  there  would 
be  an  objectionable  jar  because  the  cars  were  tipped  on  a  straight 
track  where  there  is  no  compensating  centrifugal  force.  If  the 
run-off  were  entirely  on  the  curve  there  would  be  a  jar,  because 
the  centripetal  force  would  not  become  fully  developed  at  the  be- 
ginning of  the  curve;  and,  therefore,  a  transition  curve  is  used  at 
the  beginning  and  end  of  the  curve.  The  transition  curve  is  one 
whose  rate  of  curvature  gradually  increases  from  nothing  to  the  rate 
of  the  central  part  of  the  curve.  If  the  super-elevation  of  the  outer 
rail  is  begun  at  the  beginning  of  the  transition  curve  and  is  grad- 
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ually  increased  as  the  curvature  increases  so  that  the  proper  super- 
elevation is  attained  at  the  end  of  the  transition  curve  where  tlie 
regular  curve  commences,  then  the  theoretical  requirements  are 
satisfied.  But  there  is  another  important  reason  for  transition 
curves.  On  a  curve  the  bogie  trucks  of  a  car  make  an  angle  with 
the  axis  of  the  car.  If  there  were  an  instantaneous  change  from 
a  straight  track  to  the  full  degree  of  curvature  the  change  of  posi- 
tion of  the  truck  would  need  to  be  accomplished  in  the  time 
required  to  run  the  length  of  the  wheel  base  of  a  truck.  For  a 
high-speed  train  this  would  be  only  a  fraction  of  a  second.  On  a 
transition  curve  this  change  of  position  is  accomplished  gradually 
and  without  jar.  The  amount  of  the  required  super-elevation 
will  be  discussed  in  the  following  sections. 

36.  Varieties  of  Transition  Curves.  A  theoretical  transi- 
tion curve  is  very  complicated  and  its  mathematical  treatment 
difficult.  In  any  case  it  is  located  by  points  and  the  rails  are 
f!fij)p<>scd  to  conform  to  the  theoretical  curve  between  those  points. 
Many  railroads  are  using  a  system  of  multiform  compound  curves, 
beginning  with  an  easy  curve  and  at  regular  intervals  compound- 
ing into  a  curve  of  sharper  curvature,  the  increase  in  curvature 
being  regular  and  uniform  until  the  curvature  of  the  regular  curve 
is  attained.  This  curve  is  also  located  by  points;  the  points  coin- 
cide so  nearly  with  those  of  the  theoretical  curve  that  it  would  be 
difficult  to  detect  the  difference.  When  the  rails  are  bent  to  those 
points  they  will  not  abruptly  change  their  curvature  at  those 
points,  but  will  assume  a  curve  which  will  coincide  very  closely 
with  the  theoretical  curve.  The  result  is  therefore  a  curve  which 
is  mathematically  simj)le  and  yet  a  close  approximation  to  the 
theoretical  curve.     These  transition  curves  are  also  called  "spirals." 

37.  Characteristics  of  these  Spirals.  In  Table  IV*  are 
given  the  deflections  and  other  functions  for  three  sets  of  spirals. 
The  second  set,  which  will  best  fit  the  most  ordinary  cases, 
consists  of  spirals  with  a  uniform  chord  length  of  25  feet,  the 
curvature  of  the  first  chord  being  a  1^  curve,  of  the  second 
chord  a  2°  curve,  etc.  At  the  end  of  the  fifth  chord,  which  sub- 
tends a  5"^  curve,  the  spiral  could  be  run  on  to  a  0^  curve,  the  uni- 
form  increase  in  rate  of  curvature  would  be  l""  per  25  feet  and  the 
spiral  would  I)e  125  feet  long,  which  would  ])e  a  good  length  for  a 

*See  Webb's  "Trigonometric  Tabl»'s."  published  by  American  School  of  Correspond- 
ence. Chicago.  III.    Price,  30c. 
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run-off.  For  a  high-speed  road,  the  rate  of  change  should  be  less. 
For  example,  the  first  spiral  changes  0^  30'  per  25-foot  chord. 
Therefore,  to  run  on  to  a  4°  curve  there  should  be  seven  chords,  of 
which  the  last  should  be  a  3°  30' curve  and  the  length  of  the  spiral 
175  feet.  When  the  curvature  is  very  sharp,  the  first  spiral  and 
even  the  second  would  require  too  long  a  spiral.  For  example,  it 
would  require  a  spiral  475  feet  long  (of  the  No.  1  type)  to  run  on 
to  a  10°  curve;  a  No.  2  spiral  would  be  225  feet  long.  But  if  the 
curvature  increases  2°  per  25  feet,  then  the  10^  curve  could  be 
reached  with  a  spiral  100  feet  long.  Eoads  with  10^  curves  are 
presumably  operated  at  slow  speed  over 
such  curves  and  then  the  shorter  spirals 
will  suftice. 

In  Fig.  24,  there  is  a  very  great  dis- 
tortion of  the  figure  in  order  that  the  fun- 
damental principles  may  be  illustrated  in  a 
figure  which  is  small  enough  to  be  placed 
on  a  page.  The  derivation  of  the  deflec- 
tions and  the  values  of  the  total  central 
angle,  </>,  and  of  the  ordinates  x  and  y  to 
any  point  will  not  be  here  given.  Those 
interested  may  find  it  given  in  "Webb's 
Kailroad  Construction,  §§  44  to  48.  The 
tables  show  for  any  point  the  total  central 
angle,  <^,  between  the  original  tangent  and 

a  tangent  to  the  curve  at  that  point;  they  also  give  the  ordinate  y 
from  the  point  of  tangency  to  the  given  point,  measured  along  the 
tangent;  also  the  ordinate  a?  from  the  tangent  out  to  the  given  point. 
The  tables  of  deflections  show  successively  for  any  point  of  the 
curve,  the  deflections  from  a  tangent  to  the  curve  at  that  point  to 
any  other  point  of  the  spiral.  The  method  of  use  of  these  spirals 
will  follow. 

38.     Insertion  of  a  Spiral  between  a  Tangent  and  a  Circular 


Fig.  24. 


Curve.  In  Fig.  25  it  has  been  necessary  to  make  the  distance 
MM'  about  100  times  its  real  proportional  value  in  order  to  make 
the  illustration  distinct.  The  curve  AMB  is  a  simple  circular 
curve  joining  the  two  tangents,  such  as  would  be  used  without 
spirals.     If  a  suitable  spiral  is  started  at  a  suitable  point  Q,  and 
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run  to  some  point  Z,  such  that  the  total  central  angle  of  the  spiral, 
(f),  equals  the  angle  ZO'N  of  the  curve,  and  then  the  circular  curve 
having  a  common  tangent  with  the  spiral  at  Z,  is  run  to  Z',  from 

which  a  similar  spiral  is  run  to  the 
tangent  at  Q',  such  a  combination  of 
curves  will  give  the  desired  result.  It 
is  now  necessary  to  compute  the  di- 
mensions required  to  accomplish  this 
result.  The  introduction  of  the  spiral 
has  the  effect  of  throwing  the  curve 
.    ,  .         ^  ^  ^  away  from  the  vertex  by  the  amount 

r^"--.^^^  a/ ^^s^/\\ \        MM',  which  we  will  call  m;  it  also  re- 
//;_    _        Xrti^tir-^^-l'k      duces  the  central  angle  of  the  circular 

^^^ --^ --"-^»    curve  by  2(^.     ZK  is  the  x  ordinate 

of  the  chosen  spiral  and   QK  the  y 
ordinate. 

A'N  '=  X  -U  vers  </>. 
Therefore, 

%ir^ir>        A  A  f       T»7^.  A'N^  X  -  li  vers  (by. 

m  =  MM'  =  AA'  =  BB'  =: ~— -  = -. -.— ^    (2A) 

cos  -h  A  cos  I  A         ^   ^^ 

NA  =  AA'  sin-g  A  =  [x  -  11  vers  ^)  tan-^A 

VQ  =  QK  -  KN  +  NA  +  AY 

=  f/  -U  sin  (j)  -{-  (x-  R  vers  cf))  tan  ^  A  -{-  R  tan  ^  A 

=  y  -  R  sin  <^  +  X  tan-^A  +  E  cos  (j)  tan-^A     (25) 

As  a  numerical  solution  of  any  problem  will  usually  involve  the 
determination  of  the  value  of  A'N",  equation  25  may  be  reduced 
from  four  terms  to  three  as  follows :  Transform  the  equation  above 
equation  25    to  read 

VO  =  y  -{-R   (tan-^A  -  sin  </>)  +   A'N   tan-^A  (26) 

VM'  =  VM4-MM'=Rexsec^A  +  -4-r-:5-^^      (27^ 

^  cos  ^  A       cos  ^  A       v^'/ 

AQ  =  VQ  -  AV  =  y  -  K  sin  <^  +  (X  -  Ft  vers  4>)  tan  J  A        (28) 
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39.  Example.  It  is  required  to  join  two  tangents  which 
make  an  angle  of  28°  16'  by  a  6°  curve  terminated  by  suitable 
spirals.  A  l°-per-25-foot  spiral  with  five  chords  will  be  suitable. 
Then,  from  Table  IV*,  we  find  that 

<t>  =  S°  45',  X  =  2.999,  y  =  124.942  andi  A=  14°  08'. 


(Equation  24) 

R 
vers  (f) 

Logarithms. 

2.98017 
7.33063 

2.045 
x=    2.999 

0.31080 

A'N  =    0.954 

9.97955 

cos- A 

9.98665 

(Equation  27)     m  = 

=  MM'  =  AA'  =    0.984 

R 

9.99290 

2.98017 

exsec  ^  A 

8.49436 

VM  =  29.821 

1.47453 

m=    0.984 

(Equation  26) 
y  .--  124.942 

VM  =  30.805 

nat.  tan.^  A  =  0.2518 
nat.  sin  (f)  =  0.0654 

0.1864 

9.27044 

R 

2.98017 

178.080 

(see  above) 

A'N 

2.25061 

9.97955 

tan^A 

9.40106 

0.240 
=  303.262 

AK 

R 
1 

9.38061 

YQ 

2.98017 

(Equation  28) 

tan^A 

9.40106 

240.564 
AQ-=    62.698 


AV    2.38123 


•See  W^ebb's  "Trigonometric  Tables."  published  by  American  School  of  Ckirrespond- 
ence,  Chicago,  III.    Price,  oOc. 
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40.  Insertion  of  5pirals  in  Old  Track.  An  engineer  fre- 
quently has  occasion  to  insert  spirals  in  track  which  was  not  so 
laid  out.  The  simplest  method  from  a  mathematical  standpoint 
is  that  given  in  the  two  previous  sections.  But  this  would  involve 
movincr  the  whole  track  for  the  entire  lenorth  of  the  curve,  and 
also,  since  it  is  apparent  from  Fig.  25  that 
the  new  line  QZZ'Q'  is  shorter  than  the  old 
line  QAMBQ',the  method  will  involve  rail 
cutting  and  the  boring  of  holes  for  track 
bolts.  The  following^  method  makes  a 
slight  sharpening  of  curvature  of  the  mid- 
dle circular  section,  which  at  the  center  is 
N  slightly  outside  of  the  old  track,  and  so 
^  crosses  the  old  line  that  the  lateral  devi- 
.Q  ation  from  the  old  line  is  always  very 
small  and  the  length  of  the  new  track 
need  not  differ  appreciably  from  that  of 
the  old.     The  method  of  solution  is  indicated  in  Fio-.  26. 

O'N  =  E'  cos  (^  +  X 

O'V  =  ON  sec-^A 

=  Iv'  cos  (^  sec  -^  A  +  X  sec  -^  A  • 

'///  =  MM'  =  MV  -  M'Y 

=  R  exsec  -^  /^  -  E'  cos  c^  sec  -^  A  -  x  sec  -^  A  +  E    (29) 

AQ  =  QK  -  KN  +  NV  -  YA 

=  y  -  E'  sin  <^  +  (E'  cos  </>  +  x)  tan  -.^  A  -  E  tan  --  A 

=r  y  -  E'  sin  (^  +  E'  cos  <f>  tan  -^^  A  -  (E  -  x)  tan  -^^  A  (30) 

Tlie  length  of  the  old  line  from  Q  to  Q'  =  2AQ  +  100  -^  . 
The  length  of  the  new  line  from  Q  to  Q'  =  2L  +  100  ~~  f-^, 
in  which  L  is  the  length  of  each  spiral. 
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41.  Example.  Assume  that  a  track  has  been  laid  with  a  6 
curve  for  39^  50':  It  is  desired  to  insert  suitable  spirals  without 
altering  the  length  of  the  old  track.  Solution,  Unfortunately 
there  is  no  method  of  solving  this  problem  so  as  to  obtain  directly 
the  revised  value  for  the  radius.  The  new  radius  w^ill  always  be 
from  1  to  5  per  cent  shorter  than  the  old.  The  larger  the  central 
angle,  the  less  will  be  the  difference.  The  only  method  is  there- 
fore to  assume  a  value  for  It',  solve  equation  30,  and  then  com- 
pare the  lengths  of  the  new  and  old  lines.  If  the  difference  is  so 
small  that  it  may  be  neglected,  the  problem  is  solved.  If  not,  a 
slight  modification  of  the  new  radius,  such  as  experience  in  these 
computations  will  suggest,  will  usually  give  on  a  second  trial  a 
value  which  is  sufiiciently  close.  As  a  first  trial  for  the.  above 
numerical  case,  we  will  assume  a  6°  10'  curve  for  the  new  curve, 
with  five  chords  of  a  l^'-per-So.foot  spiral  at  each  end. 

Logarithms. 

(Equation  30)  y  =  124.942  R'  (6°  10')  2.96828 

Bin  (^  8.81560 
60.797 


336.080 


345.064 

461.022  405.861 
405.861 


1.78388 

R' 

2.96828 

cos  <^ 

9.99907 

tan  ^  A 

9.55909 
2.52644 

R  =  955.37 

X  =      3.00 

952.37 

2.97880 

tan-^A 

9.55909 

2.53790 


AQ  =    55.161 
The  length  of  the  old  curve  from  Q  to  Q'  is 


100-^^100'^'^'^^^==  663.889 

2  AQ  =  2  X  55.161  =        110.322 

774.211 
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The  length  of  the  new  curve  from  Q  to  Q'  is 

100^*  =  100'"'-^;^-"-°°=  524.324 

2L  =  2   X  125  =  250.000 

774.324   774.824 


Difference  in  length  =        0.113 

When  it  is  considered  that  in  that  length  of  774  feet  there 
will  be  about  26  rail  joints  and  that  a  stretching  at  each  joint  of 
about  .004  foot  will  make  up  for  this  difference  of  length,  it  would 
be  unnecessary  to  cut  the  rails. 

To  illustrate  the  method  of  adjustment  if  a  more  accurate 
value,  for  R'  were  required;  note  that  in  the  above  case  the  new 
curve  is  too  long.  If  K'  is  increased  (say  from  D'  =  6°  10'  to  D 
=  6°  9'),  one  terra  of  equation  30  will  be  increased  and  one  of 
them  diminished,  but  the  net  change  in  the  value  of  AQ  is  0.748, 
which  will  increase  the  length  of  the  old  curve  by  1.496.  But 
such  a  change  in  D'  w^ill  increase  the  length  of  the  new  line 
by  1.419. 

The  revised  length  of  the  old  line  is,  therefore,  775.707    and 
the  revised  length  of  the  new  line  is,  775.748 

The  revised  difference  is       0.036 

Tlie  new  line  is  still  longer  than  the  old,  but  the  difference  is  in- 
significant (less  than  a  fiftieth  of  an  inch  per  joint).  Of  course 
D'  =  6''  9'  is  the  better  value  to  use. 

There  is  another  method  of  introducing  a  spiral  into  old 
track  without  even  changing  the  central  part  of  the  curve.  The 
spiral  runs  into  a  curve  which  is  sharper  than  the  original  curve 
which  then  compounds  into  the  old  curve.  The  solution  of  this 
method  consists  in  so  choosing  and  locating  the  spiral  and  the 
sharper  curve  that  it  will  compound  into  the  original  curve.  The 
details  of  this  method  will  not  be  here  given  because,  although  it 
involves  less  track  work  at  the  start,  it  is  a  more  complicated 
alignment  to  maintain  and  the  method  is  inferior  to  the  one  pre- 
viously given. 
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Logarithms. 

(Equation  29)                                                           H  (6°)  2.98017 

exsecj-^-A  8.80356 

60.776  I.ISSIS 

K  =  929.57 

990346                                          ^  2.96828 

cos  if>  0.99907 

sec-i-A  0.02678 

986.590  2.99418 


-  log  =  0.47697 


seci-A  0.02678 
3.190  '^       0.50376 

989.7«0     989.780 
m  =      0.566 

Note  that  the  maximum  lateral  chancre  in  the  track  is  less  than 
seven  inches. 

On  many  railroads  where  there  has  been  no  pretense  to  using 
spirals  the  track  foremen  have  produced  nearly  the  same  result  in 
a  rough  uncertain  way  by  throwing  in  the  curve  somewhat  near 
the  point  of  curve.  This  necessarily  sharpens  the  curve  further 
on,  and  thus  substantially  the  same  result  is  obtained  as  is 
described  above  but  without  any  calculations  or  any  theoretical 
accuracy.  It  is  only  by  such  means  that  a  tolerable  riding  track 
can  be  produced  when  transition  curves  are  not  used. 

42.  Use  of  Transition  Curves  with  Compound  Curves.  It 
is  shown  in  the  last  few  sections  that  the  lateral  deviation  involved 
by  the  use  of  spirals  is  very  small.  Since  compound  curves  are 
usually  employed  only  when  the  location  is  difficult,  it  is  best  to 
make  the  calculations  as  if  no  spirals  were  to  be  used,  except  that 
approximate  allowances  may  be  made  for  such  lateral  changes  as 
will  be  required.  Then  the  changes  can  be  computed  as  follows. 
Theoretically  there  should  be  a  transition  curve  between  the  two 
branches  of  a  compound  curve,  but  when  a  train  is  already  on  a 
curve  and  the  wheels  are  pressing  against  the  outer  rail,  it  will 
cause  but   little  jar  to  merely  increase  the  curvature.     The  intro- 
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duction  of  such  spirals  will  not  be  here  given.  Transition  curves 
need  not  be  used  in  running  on  to  curves  which- are  easier  than 
3°  and  even  4°.  Therefore  if  one  branch  of  a  compound  curve  is 
of  eH>;v  (MjrvHture.  as  is  frequently  the  case,  it  will  not  be  neces- 
sary to  use  a  spiral  at  that  end  of 
the  curve.  Therefore  two  cases 
will  be  developed — using  spirals  at 
one  end  only,  and  at  both  ends. 

{^f)     Sjnral  at  one  end  onlt/. 
The  method  of  §38  may  be  adopted 


by  substituting  A,  for  ^  A  in  equa- 
tions 24  to  28.  This  would  move 
the  P.C.C.  from  M  to  M'.  But 
since  the  two  curves  nnist  be  made 
to  coincide,  the  sharper  curve  will 
Fig.  27.  be  moved  parallel  to  the  tangent 

BY  a  distance  of  M'M,  while  the 

unchanged  circular  curve  will  be  moved  parallel  to  the  tangent 

AV  a  distance  MM,.     Calling  MM' 


^^?j,  we  have 


M.'M 


MM 


.  sin  M/  MM/  sin  (90"  -  A; 

'  sin  M,  MM  ^ 


sin  A 


=   ■?72/ 


cos  A, 

^  —. 

sm  A 


^sinA    ^'^'^> 
(33) 


It  should  be  noted  that  the  new  B.C.  is  at  A'  and  that  AA'  = 
^m\  while  the  P.T.  is  changed  from  B  to  Q/,  which  equals  BQ,  - 
QQ'.  BQ,  is  found  from  equation  28  and  Q,Q,  =  M/M,  is 
found  from  equation  32. 

(/v)     Spiral  at  loth  ends.     Applying  the  method  of  §38  to 
each  branch  of  the  curve  in  turn  by  successively  substituting  A, 

and  A,  for  ^A,  we  will  obtain  values  for  m,  and  m,  which  will  in 
general  differ  considerably.  But  as  before  we  may  move  each 
revised  curve  as  shown  in  Fig.  28  and  as  computed  in  equations 
84  and  35.  Calling  MM/  =.  ,n^  and  MM/  =  wi„  and  noting 
that  the  angle  at  M.'  (see  the  detail)  =  90°  -  A„  the  angle  at  M  ' 
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43 


90"  -  A.  and  the  angle  at  M3  =  A,  we  have   the   following: 


M/M3 


^_,  sin  (90° -A.)      ^ 
*      -  sin  A  ' 


^  cos  A,       .      . 

^''^)^nrA^    (34) 


m:m 


m;m, 


^  sin  (90°  -  A,) 
sin  A 


,  cos  A,        ,      . 


As  in  the  previous  case,  the  position  of  the  new  point  of  the  spiral 
is  found  in  each   case  from  one  of  the   above   quantities   and  the 
change  computed   from  equation  28.     Kote  that  in  one  case  the 
point  of  spiral  is  moved 
nearer  to,  and  in  the  other 
case  further  away  from, 
the  vertex. 

43.  Example.  Given 
a  T  20'  curve  for  29°  40' 
followed  by  a  4°  10'  curve 
for  25°  20'.  Eequired  to 
introduce  suitable  spirals. 
Use  spirals  varying  1°- 
per-25-feet,  with  six 
chords  for  the  7°  20'  curve 
and  three  chords  for  the 
4°  10'  curve.  Using  equa- 
tion 24  successively  with 
the  two  sets  of  figures  we 
obtain  ra^  =  1.933  and 
7n,  =  0.32S.  Then  (m,- 
vk)  =  1.610.  Substitut- 
ing this  value  in  equations 

and  M;M,  =  1.708 


Fig.  28. 


1.776 


34  and  35  we  obtain  M,  M, 

Using  equation  28,  calling-^  A  =  25^  20', 

we  compute  AQ,  =  39.128.     But  we  must  add  to  this  an  amount 
equal  to  M;M3  =  1.708,  which  makes  AQ./  =  40.836.     Similarly, 

calling  9-  A  =  29°  40'  in  equation  28,  we  may  compute  BQ,  = 

79.282.     But  from  this  must  be  suUmcted  M/M3  =  1.776,  which 
makes  BQ/  =  77.506.     The  actual  lateral  change  from  the  original 
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point  M  is  equal  to  MM;  +  KM,  sin  A,  =  0.323  +  0.731  = 
1.054.     The  student  should  verify  in  detail  all  these  calculations. 

44,  Field  Work.  When  spirals  form  part  of  the  original 
location,  it  is  a  useless  refinement  to  locate  all  the  chord  points 
before  earth  work  has  been  done.  It  is  then  sufficient  to  locate 
the  beginning  and  end  of  each  spiral  with  perhaps  one  intermediate 
point  in  case  the  spiral  is  very  long.  During  the  re -survey  which 
immediately  precedes  track  work,  when  the  roadbed  is  graded  and 
flat,  the  intermediate  points  are  readily  inserted.  Eeferriug  to 
Fig.  25,  the  point  Q  would  first  be  located  at  a  distance  YQ  (see 
equation  25)  from  the  point  Y.  Assume,  as  in  Fig.  25,  a  simple 
curve,  6°,  with  A  =  32°,  and  at  each  end  a  five-chord  spiral  with 
l°-per-25-foot  change  of  curvature.  During  the  first  location  of 
tlie  road  it  w^ould  be  suflicient  to  locate  the  end  of  the  spiral  at 
points.  From  Table  IV*  we  find  that  the  "deflection  from  the 
tangent  at  the  point  occupied  when  the  instrument  is  at"  Q  and 
is  "sighting  at"  5  is  1°  22'  30'.  The  ordinate  y  (QK  in  Fig.  35) 
is  124.942  and  the  distance  out  from  the  tangent  KZ  =  a?  =  2.999. 
The  total  central  angle  to  this  point  (<^)  =  3°  45'.  The  central 
angle  left  between  Z  and  Z'  =  32°  -  (2  X  3°  45')  =  24°  30'.  Set 
up  the  instrument  at  Z.  The  "  deflection  from  the  tangent  at  the 
point  occupied  when  the  instrument  is  at"  Z  (which  is  here  5) 
and  is  "sighting  at"  Q  is  2°  22'  30".  Setting  off  that  deflection 
on  the  transit  so  that  when  the  instrument  is  turned  around  to  the 
tangent  it  shall  read  0°,  the  remaining  central  angle  of  24°  30'  can 
be  laid  off  in  the  usual  manner.  Again  setting  up  the  instrument 
at  Z'  (which  is  point  5  of  that  spiral)  the  point  Q'  is  located  w^ith 
the  same  deflection  (2°  22'  30")  as  the  back  sight  from  Z  to  Q. 
The  distance  from  Z'  to  the  tangent  YQ'  is  likewise  the  same  as 
ZK  =  2.999. 

When  the  intermediate  points  are  to  be  located,  the  transit  is 
set  up  at  Q  and  the  points  are  located  by  chord  lengths  of  25  feet 
and  with  deflections  to  the  various  points  as  given  in  the  column 
under  Q.  When  the  circular  curve  ZZ'  has  been  located  and  the 
transit  set  up  at  Z'  and  oriented  so  that  it  will  read  0°  when  sight- 
ing along  the  tangent  to  the  curve  at  Z',  then  (using  the  deflections 
in  the  column  under  5)  the  deflection  to  the  point  4,  25  feet  away, 
is  0°  37'  30";  to  the  next  point  3  it  is  1°  11'  15";  to  the  next  point 

•Slo  Webb's  "Triuonometric  Tables,"  publisbed  by  Aiuericau  School  of  Corrvspoud- 
euce,  Chicago,  111.    Price,  50c. 


124 


RAILROAD  ENGINEERING  45 

2  it  is  r  40'  00";  to  the  next  point  1  it  is  2°  03'  45";  to  the  point 
of  tangency  Q  it  is,  as  given  before,  2^  22'  30".  Then  the  transit 
should  be  set  up  at  Q'  and  back-sighted  on  Z'  with  a  reading  of 
1^  22'  30".  If  the  vertex  of  the  curve  V  had  already  been  pre- 
viously located  and  the  field  work  is  accurate,  the  sighting  on  V 
should  be  0°.  Also  the  reading  on  any  other  point  of  the  spiral 
should  be  as  in  the  column  of  deflections  under  Q. 

It  sometimes  becomes  necessary  to  set  up  the  transit  at  some 
intermediate  point  of  the  spiral,  as  (in  the  above  case)  the  point 
8.  With  the  instrument  set  up  at  3,  use  the  deflections  under  the 
column  3  in  the  table,  orienting  the  transit  by  a  sighting  at  any 
known  point  with  the  transit  set  at  the  given  deflection  for  that 
point.  Then,  when  the  telescope  is  turned  to  O'',  the  transit  will 
be  sighting  along  the  tangent  to  the  curve  at  the  point  3  and  the 
deflection  to  any  other  point,  forward  or  backward,  will  be  as 
given  in  that  column. 

It  may  be  noted  that  the  deflections  are  given  to  single 
seconds  of  arc,  which  is  of  course  very  much  closer  than  an  ordi- 
nary transit  can  be  used.  But  the  location  of  spirals  demands  the 
closest  work  attainable  with  the  ordinary  field  transit;  and  even 
though  the  transit  is  only  graduated  to  single  minutes,  a  fraction 
of  a  minute  can  be  estimated  in  setting  off  a  deflection  and  there- 
fore the  precise  angles  are  given  so  that  the  closest  attainable  value 
of  the  true  angle  may  be  set  off. 

VERTICAL  CURVES. 

45.  Reasons  for  Use.  Although  the  change  of  direction  of 
motion  due  to  a  change  of  grade  is  never  as  great  as  that  of  an 
ordinary  horizontal  curve,  yet  it  is  as  necessary  in  one  case  as  in 
the  other  to  join  the  two  grade  lines  by  a  "  vertical  curve."  As 
in  the  case  of  horizontal  curves,  there  is  nothing  which  absolutely 
determines  the  rate  of  curvature.  When  the  grades  intersect  over 
a  summit  a  comparatively  short  curve  is  permissible,  but  when 
passing  through  a  sag  the  upward  bend  of  the  track  acts  as  a 
literal  obstruction  and  therefore  a  much  longer  curve  is  necessary. 
Some  roads  adopt  some  uniform  distance,  such  as  200  feet  each 
side  of  the  vertex,  as  the  length  of  all  such  curves,  regardless  of 
the  change  in  the  rate  of  grade.     A  more  logical  method  is  to 
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make  the  length  a  function  of  the  change  of  grade.  A  very  com- 
mon rule  is  to  make  the  length  100  feet  for  each  tenth  of  one  per 
cent  of  change  of  grade.  For  example,  a  one  per  cent  grade 
descending  into  a  hollow  is  followed  by  a  1.2  per  cent  grade  climb- 
ing out  of  it;  what  should  l)e  the  lencrth  of  the  vertical  curve  at 
the  sag?  The  cIuukjc  of  grade  is  the  numerical  sum  of  the  grades 
or  2.2  per  cent;  therefore,  by  the  above  rule  the  length  should  be 
2,200  feet.  Such  a  length  is  excessive,  but  such  a  change  of  grade 
is  also  somewhat  unusual  and  hardly  to  be  found  where  the  speed 
was  high.  For  lower  speed  such  a  long  vertical  curve  is  not 
essential. 

46.  Geometrical  Form  of  the  Curve.  The  method  of  lay- 
ing out  such  a  curve  is  illustrated  in  Fig.  29,  in  which  the  grades 
are  exaggerated  enormously.     The  curve  begins  and  ends  at  equal 

distances  on  each  side 

•^^^^^^^ f? f- "'ry^   of  the  vertex  B,  as  at 

'^^""^-=.,^JQ___J^___^^^  A  and  C.     In  the  fig- 

-w .J^^^"""^^^  '^.^^"^^  ^^''^  j^^^^  ^  ^"^  ^j  ^^" 

Fig.  29.  and  e  and  bisect  B^  at 

h.  It  may  be  proved 
mathematically  that  a  parabola  may  be  passed  through  h  and  tan- 
gent to  AB  and  BC  at  A  and  C,  and  also  that  at  any^ovni^  as  at^, 
the  distance  to  the  tangent  [sii)\%  proportional  to  the  Sipmre  of  the 
distance  from  A.     Expressing  this  statement  algebraically,  we  have 

But  since,  in  any  given  case  eU  is  a  constant  and  (At^)^  is  a  con- 
stant, w^e  may  say  for  any  one  curve  that  the  correction  from  the 
straight  grade  line  to  the  curve  equals  a  constant  times  the  square 
of  the  distance  from  one  end  of  the  curve. 

47.  Numerical  Example.  Assume  that  the  intersection  of 
the  grades  B  comes  at  Sta.  15  +  40;  that  the  grade  AB  is  -  0.6 
per  cent  and  the  grade  of  BC  is  +  0.8  per  cent.  Then  if  we 
adopt  the  rule  of  100  feet  for  each  tenth  per  cent  of  change,  the 
curve  must  be  1,400  feet  long,  must  begin  at  Sta.  8  +  40  and 
extend  to  Sta.  22  +  40.      Assume  that  the  elevation  of   B  is 


126 


RAILROAD  ENGINEERIXG  47 

152.50;  then  the  elevation  of  A  is  152.50  +  (7  X  0.6)  =  156.7. 
Similarly  the  elevation  of  C  is  computed  as  158.1.  Then  the  ele- 
vation of  6  is  the  mean  of  these  two,  or  157.4.  B^^  is  therefore 
=  4.9  and  eh  =  2.45.  Then  eh  ^  {kef  =  2.45  -f-  490000  = 
000005,  the  constant  which  is  to  be  multiplied  by  the  square  of 
the  distance  from  A  to  o])tain  the  correction  from  the  straight 
grade  np  to  the  curve.  The  elevations  of  the  several  stations  is 
most  readily  calculated  in  a  tabular  form  such  as  is  given  below. 

A.  Station 

8  +  40,elev.  =  152.50  +  (7  X  0.6)  '  =  156.70 

9  =  156.70-  (0.6  X  0.6)  +  .000005  X    60^  =  156.36 

10  =  156.70-  (1.6  X  0.6)  +  .000005  X  160^  =  155.87 

11  =  156.70-  (2.6  X  0.6)  +  .000005  X  260^  =  155.48 

12  =  156.70-  (3.6  X  0.6)  +  .000005  X  360^  =  155.19 

13  =  156.70 -(4.6  X  0.6)  +  .000005  X  460^  =  155.00 

14  =  156.70 -(5.6  X  0.6)  +  .000005  X  560^  =  154.91 

15  =  156.70  -  (6.6  X  0.6)  +  .000005  X  660^  =  154  92 

B.  Station 

15  +  40,  elev.  =  152.50  +  2.45  =  154.95 

16  =:  158.10-  (6.4  X  0.8)  +  .000005  X  640^  =  155.03 

17  =  158.10-  (5.4  X  0.8)  +  .000005  X  540^  =:  155.24 

18  r=  158.10-  (4.4  X  0.8)  +  .000005  X  440^  =  155.55 

19  =  158.10-  (3.4  X  0.8)  +  .000005  X  340^  =  155.96 

20  =  158.10  -  (2.4  X  0.8)  +  .000005  X  240^  =  156  47 

21  =  158.10 -(1.4  X  0.8)  +  .000005  X  140^  =  157.08 

22  =  158.10  -  (0.4.  X  0.8)  +  .000005  X  40-  =:  157.89 

C.  Station 

22+  40,  elev.  =r  152.50  +  (7  X  0.8)  =  158.10 

In  special  cases  it  may  be  more  convenient  to  note  that  at 
one-quarter  of  the  distance  from  A  to  B  the  correction  is  -^^  of 
eJiy  at  one-half  the  distance  it  is  ^  of  eh  and  at  three-fourths  of 
the  distance  it  is  ^^g-  of  eh. 

CONSTRUCTION— EARTHWORK. 

48.  Slopes  and  Cross=sections.  The  construction  of  a  road- 
bed of  sufficient  width  which  is  level  or  nearly  so,  implies  in  gen- 
eral cuts  and  fills  of  various  depths.     An  essential  feature  of  the 
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work  is  that  the  slopes  shall  be  such  tliat  the  banks  shall  not  give 
way  and  disintegrrfte,  filling  up  the  the  cuts  and  narrowing  the 
tops  of  the  fills.  Tlie  rate  of  slope  is  always  indicated  by  a  ratio 
of  which  the  first  number  indicates  the  horizontal  distance  and  the 

second  the  vertical.  Frequently 
the  second  number  is  made  uni- 
formly one  and  then  the  first  may 
be  a  fraction  or  a  compound  num- 
ber. The  following  slope  ratios 
will  be  so  indicated.  The  rate  of 
slope  is  variable,  depending  on  the 
kind  of  soil.  When  a  rock  cut  is 
very  hard  and  firm,  a  vertical  slope 
may  be  used,  although  on  account 
of  seams  in  the  rock  which  make 
slipping  possible  after  the  rock  has  begun  to  disintegrate,  the  rock 
is  generally  taken  out  until  the  slope  will  average  more  nearly  one- 
fourth  horizontal  to  one  vertical.  As  the  character  of  the  material 
changes  from  rock  to  earth,  the  slope  ratio  for  cut  must  be  flattened 
until  for  good,  firm,  loamy  soil  a  slope  of  1 : 1  is  proper.  When  first 
excavated  earth  will  stand  at  a  much  steeper  slope  than  this,  but  the 


Fig.  80. 


Fig.  31. 

first  hard  rainstorm  will  start  the  disintegration  which  will  proceed 
until  the  rslope  becomes  about  1: 1.  And  as  it  is  generally  cheaper 
to  make  the  required  excavation  during  the  original  construction, 
the  proper  slopes  should  be  made  then.  Some  kinds  of  earthy 
soil,  such  as  quicksand,  require  even  fiatter  slopes.  Cases  have 
])een  known  where  a  cut  has  not  ceased  to  slip  until  it  had  assumed 
a  slope  of  about  4: 1.    The  proper  slope  for  a  till  composed  of  loose 
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rock,  as  it  is  blasted  from  an  excavation,  is  about  1: 1,  but  when 

the  side  hill  is  so  steep  that  the  slope  would  be  very  long,  a  much 

steeper  slope  may  be  tolerated  if  some  care  is  taken  to  form  the 

stones  of  the  fill  into  a  rough  dry  wall.     A  fill  of  earth  usually 

requires  a  slope  of  1.5  :  1.     If   the  material  of  which  the  fill  is 

made  is  exceptionally  soft, 

such  as  would  require  a 

very  flat  slope  in  cut,  then 

a  correspondingly  flatter 

slope  should  be  made  with 

the  fills,  but  in   such  a  Fig.  32. 

case  it  is  quite   possible 

that  it  would   be  preferable  to  "waste"  such  treacherous  soil  and 

make  the  fill  of  more  suitable  soil,  even  if  it  had  to  be  "borrowed." 

The  following  illustrations  will  show  some  typical  cross-sections 

in  various  kinds  of  soil. 

49.  Width  of  Roadbed.  A  mistaken  effort  at  economy 
will  oftpn  be  the  excuse  for  cutting  down  the  width  of  roadbed  to 
such  an  amount  that  there  is  no  room  for  adequate  ditches  in  cuts, 
and  the  deterioration  of  the  track  due  to  lack  of  drainage  is  a  very 
serious  quantity.  Even  fills  are  sometimes  made  so  narrow  that 
the  inevitable  washing  due  to  occasional  heavy  rains  will  endanger 
the  stability  of  the  track.  A  study  of  the  standard  roadbed  cross- 
sections  adopted  by  the 
principal  railroads  of  the 
country  shows  that  the 
average  width  for  an 
earthwork  cut  for  single 

^.     „„  track  is  about  25  feet. 

Fig.  33. 

This  includes  about  four 

or  five  feet  on  each  side  for  a  ditch.     For  double  track  this  width 

is  increased  by  about  13  feet,  the  usual  width  between  track  centers 

for  two  tracks.     The  average  width  for  the  top  of  a  single  track 

fill  is  a  little  over  17  feet.     Sixteen  feet  is  about  the  minimum 

for  good  construction. 

50.  Constructive  Details — Ditches.  A  well-known  railroad 
engineer  used  to  sav  that  ditches  were  more  important  than  ballast. 
A  lack  of  good  ditching  will  ruin  a  roadbed  in  spite  of  the  best 
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ballast,  while  a  comparatively  small  expenditure  in  ditching  will 
largely  compensate  on  a  cheap  road  for  the  lack  of  good  ballast. 
The  bottom  of  the  ditch  should  be  from  one  to  two  feet  below  the 
bottom  of  the  ties.  The  slope  of  the  sides  should  not  be  steeper 
than  1:1  unless  in   solid   rock.     The  bottom   should  be  one  to  two 


Fig.  34. 


feet  wide.  Sometimes  they  are  made  V-shaped,  but  that  shape  is 
hydraulically  bad  and  the  bottom  quickly  Ulls  up.  Siib-(/rade, 
The  upper  surface  of  the  earthwork,  commonly  called  sub-grade, 
is  usually  made  a  level  plane,  but  it  is  preferable  to  make  two 
sloping  planes  having  a  crown  at  the  center  of  about  six  inches. 
Kolling  the  sub-grade  with  a  road  roller  before  placing  the  ballast 
has  been  specified  by  the  N.  Y.  Central  R.E,.  When  this  is  done, 
the  water  that  runs  through  the  ballast  will  more  readily  run  off 
to  the  side  ditches  instead  of  soaking  into  the  sub-soil.  If  the 
vegetable  mould,  which  is  usually  found  on  the  surface  and  which 
is  the  first  of  the  excavation 
for  cuts,  is  laid  on  one  side 
instead  of  being  placed  at 
the  bottom  of  the  nearest  fill 
and  is  afterward  spread  on 
the  faces  of  the  slopes  of  the 
cuts  and  fills,  a  growth  of 
vegetation  will  quickly  start 

up  which  will  save  the  slopes  from  the  effects  of  rain  washing  and 
will  (jnickly  rejT/iy  the  slight  additional  expense.  Even  an  imme- 
diate sodding  of  the  slopes  dnring  construction,  althongh  it  will 
add  considerably  to  the  original  cost,  will  usually  save  much  more 


Fig.  85. 
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than   its  cost  by  a  reduction  of  maintenance  charges  during  the 
first  few  years. 

EARTHWORK— SURVEYS. 

51.  Nature  of  the  Problem.  The  mass  of  earthwork  which 
is  removed  has  an  exceedingly  irregular  form.  The  surveys  have 
the  double  object  of  staking  out  the  limits  of  the  earth  to  be 
removed  and  placed  elsewhere  and  also  of  computing  the  volume 
of  that  earthwork.  The  computation  of  any  volume  means  the 
computation  of  some  geometrical  form  or  combination  of  forms 
which  are  assumed  to  represent  with  sufficient  accuracy  the  actual 
volume  under  consideration.  If  an  approximate  result  is  suffi- 
ciently close,  some  simple  geometrical  form,  easily  measured  and 
easily  computed,  will  be  selected  as  representing  the  volume.  But 
as  greater  accuracy  is  required,  the  more  complicated  must  be  the 
form.  Some  of  the  faces  of  the  volume  are  simple  and  determin- 
ate. Sections  are  usually  taken  100  feet  apart  and  perhaps  closer 
if  the  ground  is  very  irregular.  Such  sections  are  plane  surfaces. 
The  side  slopes  are  also  plane  surfaces.  But  the  side  representing 
the  surface  of  the  earth  is  actually  rough  and  irregular;  usually 
it  is  too  irregular  to  be  considered  a  plane  even  approximately. 
The  upper  line  of  each  end  section  is  considered  as  a  broken  line 
of  one  or  more  parts,  and  it  is  generally  assumed  that  plane  or 
warped  surfaces  connecting  corresponding  lines  in  the  end  sec- 
tions will  lie  sufficiently  close  to  the  actual  surface  so  that  the 
error  involved  will  be  within  the  desired  limits.  It  may  thus  be 
seen  that  the  accuracy  of  the  computation  depends  not  only  on  the 
accuracy  of  the  mere  numerical  work  but  even  more  on  the  judg- 
ment used  by  the  surveyor  in  so  selecting  the  places  for  the  cross- 
sections  and  the  points  of  any  cross-section  that  the  geometrical 
form  assumed  to  represent  the  volume  shall  agree  with  the  actual 
volume  of  earth  as  closely  as  desired.  The  survey  therefore  con- 
sists first  in  determining  at  each  section  the  points  where  the  side 
slopes  intersect  the  surface  and  then  the  elevation  and  distance 
from  the  center  of  points  so  chosen  that  straight  lines  joining 
these  points  will  lie  very  nearly  in  the  surface  of  the  ground. 

52.  Position  of  Slope  Stakes.  The  slope  stakes  are  set 
where  the  side  slopes  intersect  the  surface.     As  seen  by  the  ^g- 
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ure,  these  intersections  depend  on  the  elevation  of  the  roadbed, 
which  in  turn  depends  on  the  depth  of  cut  or  fill.  In  Fig.  36  it 
may  readily  be  seen  that 


(37) 


Fig.  36. 

in  which  t«f  is  the  slope  ratio  of  the  side  slopes^  horizontal  to  verti 

cal.     See  §48. 

Similarly  it  is  seen  in  Fig.  37  that 


xi  =  ^h  -\   s  (d  -  7/i) 


(3S) 


Fig.  37. 

But  in  each  of  these  equations,  both  ,/;  and  ?/  are  unknx)wn  quanti- 
ties, and  it  is  impracticable  to  depend  on  a  strictly  mathematical 
solution.  The  simplest  method  is  to  find  by  trial  the  location  of 
points  which  will  satisfy  the  equations.     An  experienced  man  will 
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sometimes  determine  such  a  point  in  a  single  trial  and  generally 
the  second  trial  will  be  sufficient.     As  a  first  approximation,  we 

may  note  that  a  is  at  such  a  position  that  its  x  \q  ac  =  -^h  -{■  sd. 

The  added  distance  out  to  ni  equals  the  added  drop  times  s.  As- 
sume that  in  Fig.  36,  d  =  7.7,  b  =  20  and  s  =  1.5  :  1.  The  dis- 
tance ao  =  10  +  (1.5  X  7.7)  =  21.55.  But  experience  will 
suggest  that  the  required  point  m  is  cihout  8  feet  lower  down  and 
therefore  about  (1.5  X  8)  or  12  feet  further  out.  As  a  first  trial 
with  the  rod,  the  rod  is  placed  at  n  ^  34  feet  out  (21.55  +  about 
12),  where  a  rod  reading  of  2  (=  lO.G)  is  found.  Subtracting 
^  (=  3.5)  we  have  7.1,  the  "7/"  of  that  point.  Substituting  this 
value  of  y  in  the  first  part  of  equation  37,  we  compute  x^  to  be 
32.2.  This  is  the  point  n  in  Fig.  36,  at  a  distance  x"  (which  is 
less  than  x)  from  the  center.  This  shows  that  even  32.2  is  too 
far  out.  Another  trial  is  made  at  30.2  feet,  where  the  rod  reading 
is  found  to  be  9.3,  which  means  that  the  y  is  9.3  -  3.5  =  5.8, 
which  substituted  in  the  equation  gives  x  =  30.25.  This  checks  so 
closely  with  30.2,  that  it  may  be  considered  satisfactory.  On 
rough  ground  it  is  an  utterly  useless  refinement  to  attempt  to  do. 
work  closer  than  the  nearest  tenth  of  a  foot,  for  the  almost  un. 
avoidable  inaccuracies  will  often  have  a  greater  effect  than  a  change 
of  even  a  tenth  in  such  w^ork.  The  above  explanation  is  given 
in  detail  so  as  to  show  the  method.  Some  such  method  is  neces- 
sary for  the  inexperienced  man,  but  even  a  short  experience  will 
enable  a  man  to  estimate  the  correction  to  his  first  trial  very 
quickly  and  surely  so  that  the  second  trial  will  be  satisfactory,  and 
without  a  detailed  solution  as  above  of  all  the  work. 

In  Figs.  36  and  37,  the  ground  has  been  shown  as  having  a 
practically  uniform  slope.  The  determination  of  the  slope  stake 
is  not  affected  essentially  by  the  nature  of  the  ground  between  the 
center  and  the  slope  stakes.  In  Fig.  42  is  shown  a  more  compli- 
cated cross-section  in  which  the  elevation  of  each  intermediate 
point  above  the  roadbed  and  its  distance  from  the  center  must  be 
measured.  These  are  determined  by  setting  up  the  level  so  that 
it  is  higher  than  any  point  in  the  cross-section  and  noting  its 
height  above  the  stake  at  the  center.  This  rod  reading  added  to 
the  given  center  cut  d  gives  the  height  of  the  instrument  above 


133 


54  RAILROAD  ENGINEERING 

the  roadbed.  This  is  called  the  II. I.  Subtracting  the  rod  read- 
ing for  any  point  fi*bm  the  II. I.  gives  the  height  of  that  point 
above  the  roadbed.  In  the  case  of  a  fill,  which  may  be  illustrated 
by  turning  Fig.  42  upside  down,  the  level  may  be  either  above  or 
below  the  roadbed.  This  modifies  the  above  rule  somewhat,  but 
the  same  principle  applies — determine  the  difference  of  elevation 
of  each  point  of  the  surface  of  the  ground  and  the  roadbed. 

COMPUTING  THE  VOLUME. 

53.  Common  Methods.  Sometimes  an  approximate  com- 
putation of  the  volume  of  the  earthwork  is  made  from  the  w^ork 
of  the  preliminary  survey,  so  as  to  get  an  approximate  idea  of  the 
amount  of  earthwork  on  a  route,  and  therefore  its  cost.  To  do 
this,  a  more  or  less  approximate  measure  of  each  cross-section  is 
taken  and  then  the  distance  between  any  two  cross-sections  is 
multiplied  by  the  half-sum  of  the  two  areas.  The  sum  of  all  such 
products  gives  the  total  volume.  Such  a  method  is  mathematically 
inaccurate,  but  the  approximation  in  the  cross-sectional  areas,  and 
some  other  reasons,  will  probably  introduce  still  further  inac- 
curacies. These  various  methods  will  be  described  in  an  increas- 
ing order  of  accuracy. 

54.  Level  Sections.  From  Fig.  38  may  readily  be  derived 
the  equation 

Area  =  {a  +  Wfs  -'[^  (39) 

If  A,,  is  the  area  of  the  initial  section  and  A,,  A.„     •     •      A^  be  the 

areas  of  the  succeeding  and  final 
^ I sections,  w^hich   are   at   a  uniform 

I*  -f  -\-b  H  yfffi'  vol n me  will  ])e 


-*-->-  '  ^'olume  :3=  -1  /  [Ao  -f  2  (A,  +  A, 

'''^•'''  +  •  •  +A,_,)  +  AJ     (40) 

Of  course  /  is  usually  100.     The-^  for  each  section  is  a  constant, 

and  therefore  the  subtractive  term  is  simply  this  constant  multi- 
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plied  by  the  number  of  times  the  areas  are  used  in  the  summation. 

Exaiii2>le.     Given  the  center  heights  set  down  in  the  second 

column  of  the  tabular  form.     Width  of  roadbed,  20  feet;  slope, 

1.5  :  1.    Then  d  =  6.7.    The  remainder  of  the  solution  is  evident. 


Sta. 

Center 
Height. 

(a  +  d) 

(a  +  d)2 

(a  +  d)2  8 

42 
43 
44 
45 
46 

1.4 
2.6 
4.3 
8.9 
3.1 

8.1 

9.3 

11.0 

15.6 

9.8 

65.61 

86.49 

121.00 

243.36 

96.04 

98.41 
129.731 
181.50 
365.04, 
144.06 

X 

98.41 

r 259. 46 

2  =       363.00 

t 730.08 

144.06 

~9r 


().7  X  20 


67 


8  X  67 


1595.01 
=    536. 


1059.01 


1059  X  100 

2  X  27 


=  1961  cubic  yards. 


The  above  method  invariably  gives  results  which  are  some- 
what too  higrh,  for  the  volume  between  two  ''level  sections  "  is  less 
than  the  length  times  the  mean  of  the  areas.  When  the  areas  are 
equal,  the  error  is  zero,  but  it  increases  as  the  square  of  the  differ- 
ence of  the  center  cuts,  or  fills.  But  since  sections  are  almost 
never  truly  level,  the  assumption  that  they  are  level  will  usually 
introduce  an  error  largely  in  excess  of  the  theoretical  error.  Some- 
•  times  the  above  method  is  used,  aided  perhaps  by  tables,  by  taking 
center  cuts,  or  fills,  from  a  profile  and  assuming  that  the  actual 
volume  will  be  the  equivalent  of  the  volume  computed  as  above. 
Such  a  method  has  its  value  as  a  means  of  comparing  two  routes, 
but  the  error  is  apt  to  be  very  great. 

55.  Equivalent  Sections.  The  following  method  is  some- 
times used  wheu  the  cross-sections  are  irregular  and  especially 
when  there  is  disinclination  or  inability  to  use  a  more  accurate 
method.  Each  cross-section  is  plotted  on  cross-section  paper. 
Then  a  thread  {mti)  is  so  laid  that  (by  estimation)  it  equalizes  the 
spaces  above  and  below  it  (see  Fig.  39).  The  distances  out  from 
the  center  of  the  intersections  of  this  mean  line  with  the  side  slopes 
are  scaled  from  the  drawing  and  are  here  called  x^  and  d\.  Since 
^'  is  the  slope  ratio,  s  —  Xy^-^  mo  —  x^  ^^  np.     Then  the  required 
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area  equals  the  area  mnop  minus  the  triangles  viso^  njjs^  and  the 
"grade  triangle,"  which  means  that 


^— ;'(H^^)('^'.+-)-f  f-^ 


ah 


"1 


,i\  ,/' 


ah 
2 


(4i) 


^jn 


Fig.  39. 


Note  the  simplicity  of  the 
form.  When  s  =  1:1,  the 
area  equals  the  mere  product 
of  tliese  two  side  distances 
minus  the  constant  correc- 
tion-^e/Z».    The  areas  being 

computed,  the  volumes  are 
obtained  exactly  as  in  equa- 
tion 40.  As  in  the  previous 
section,  it  may  readily  be 
shown  that  the  method  of  averaging  end  areas  does  not  give  correct 
results  except  in  the  special  case  when  the  distances  to  the  right 
(or  to  the  left)  at  adjacent  stations  are  equal,  and  when  these  dis- 
tances are  nearly  equal  the  error  is  small.  As  an  approximate 
method,  it  is  very  rapid  and  good.  As  before,  the  correction  is 
usually  negative,  i.e.,  the  computed  volume  is  too  large. 

56.  Volume  of  a  Prismoid. 
Fig.  40  represents  in  a  perspective 
view  a  prismoid,  formed  between 
two  triangles  which  lie  in  parallel 
planes.  The  surfaces  which  join 
the  corresponding  sides  of  the  tri- 
angles are,  in  general,  warped  sur- 
faces. It  may  be  proved  that  the 
volume  of  such  a  prismoid  equals 

one-sixth  of  the  perpendicular  distance  between  the  parallel  planes 
times  the  sum  of  the  two  end  triangles  and  four  times  the  middle 
triangle  (cut  by  a  plane  parallel  to  the  end  planes  and  midway 
between  them).     This  may  be  stated  algebraically  as  follows: 


Fig.  40. 
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Volume  =  !^  (A,  +  4A„  +  A,)        (42) 

It  may  also  be  proved  that  the  fornuila  holds  good  regardless  of  the 
values,  relative  or  absolute,  of  b^,  6,,  A,  or  h-,.  Therefore  it  holds 
good  when  /t^  =  O,  and  the  prismoid  becomes  a  wedge.  It  also 
holds  good  when  both  Z?.,  and  h^  become  zero  and  the  prismoid  becomes 
a  pyramid.  But  since  the  formula  holds  good  for  all  these  forms 
individually  it  holds  good  for  them  collectively,  and  since  any 
prismoid,  having  bases  of  straight  lines  lying  in  parallel  planes 
and  with  plane  or  warped  surfaces  connecting  those  ends,  can  be 
considered  as  made  up  of  a  collection  of  triangular  prismoids, 
pyramids  and  wedges,  the  formula  evidently  holds  for  such  a 
prismoid. 

If,  in  equation  42,  Aj^  were  the  mean  of  Aj  and  A^,  then  we 
could  obtain  the  true  volume  by  averaging  end  areas.  Some  of 
the  exceptional  cases  where  this  is  true  have  already  been  men- 
tioned. In  general  it  is  a  complicated  and  impracticable  problem 
to  compute  the  area  of  the  middle  section.  But  it  is  quite  possi- 
ble to  compute  the  correction  which  must  be  applied  to  the  result 
found  by  averaging  end  areas,  and  these  methods  will  be  used  in 
the  following  more  accurate  solutions.  Applying  equation  42  to 
Fig.  40,  we  have 

Yolume  = -^^  7j^ /i^  -\- 4.  ^-^  — ^ ^ — )  +  o  ^-'  '^  J 

But  the  approximate  volume,  computed  by  averaging  end  areas,  is 
Appr.  vol.  =  -J  y^y  I,  Ji,  +  -T7  ^2  h.2) 

Subtracting  the  approximate  volume  from  the  true  volume,  we 
obtain  the 

Correction  =  j^  yijj^  -  b.^  {h^  -  A,)  J         (43) 

57.  Three=Level  Sections.  AVhen  the  ground  is  fairly  uni- 
form so  that  it  may  be  said  without  great  inaccuracy  that  it  slopes 
uniformly  from  the  center  to  each  slope  stake,  then  the  volume 
may  be  computed  from  the  positions  of  these  three  points  and  the 
sections  are  called  ''three-level   sections."       The  area  of  such  a 


1187 


58 


KAILROAD  EXGIX^ERING 


section  =  -^{^^  -\~  d) 


w 


ah.     If  we  consider  two   such  adja- 


cent sections  and  coni])ute  the  volume  by  the  method  of  averaging 
end  areas,  we  \\\\\  obtain  as  the  volume 

Vol.  =-,-[^(.f  4-  tV)  ir'  -  ah    +   {a  +  d")  w"  -  al/)^ 

Dividing   by  27   to  reduce   iniinediMtely   to  cubic   yards,  we   have 
wlien  /  =^  100, 

25  25  25  25 

Vol.   =  ^  [a  +  <!')  in'  --^^rh  -}-  -^^  {a  +  d")  w"  - -^ ah     (44) 

^Yhen  it  is  desired  to  make  the  computation   still  inore  accurate, 

the  prismoidal  correction  may  l)e  computed  as  follows.     AVe  may 

compute  separately  the  pris- 
moidal correction  for  each  of 
the  two  triangular  prismoids. 
These  two  prismoids  together 
include  the  triangular  *'  grade 
prismoid"  under  the  road- 
bed, but  since  there  is  no  pris- 
moidal correction  to  the  grade 
prismoid,  such  correction  as 
may  be  computed  applies 
solely  to  the  volume  actually 

excavated.     Applying  equation  48  to  the  dimensions  in  Fig.  41,  we 

liave  for  the  left  side 

Pris.  Corr.  r=  _  I  (^tj^  -f-  d')  -  [a  +  d")  I  ['(/\"  ~v'{)^  which 


reduces  to  =  r-rr  {d'  -  d")  (^^'i"  -  '^''1') 
For  tlie  right  side,  we  may  compute  similarly 
Pris.  Corr.  =^  ^  (^d'  -  d")  (h\"  -  v\) 
For  tlje  two  triangles^we  have 
Pris.   Corr.  r=  _  (,/'  -  ^/")[(v/V'  +  <')  -  {^r{  -\-  <)] 

=  19  (^^'  -  'H  (^''"  -  ^'0 
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Making  I  =  100  and  dividing  by  27  to  reduce  to  cubic  yards  we  have 


Pris.  Corr.  =  |^  (f/'  _  d")  ( 


w 


w 


)       (45) 


An  inspection  of  equation  45  will  show  that  if  either  the  center 
cuts  or  the  total  widths  at  two  adjacent  sections  are  equal  or  nearly 
so,  the  prismoidal  correction  is  zero  or  is  so  small  that  it  may  be 
neo-lected.  This  frequently  enables  one  to  decide  that  the  pris- 
moidal  correction  will  evidently  be  so  small  that  it  will  be  useless 
to  compute  its  exact  value.  It  usually  happens  that  when  d'  >  d'\ 
w  is  also  greater  than  lo" ,  This  means  that  the  correction  com- 
puted from  equation  45  will  usually  be  negative^  which  means 
that  for  three-level  sections  the  results  computed  by  averaging  end 
areas  will  usually  be  too  large. 

A  very  great  economy  of  time  and  accuracy  result  from  tabu  - 
latino-  all  the  computations  in  earthwork.  Such  work  can  be 
readily  reviewed  to  check  it  or  to  discover  a  supposed  error.  An 
illustration  of  such  a  solution  is  given  below. 

58.     Numerical  Example. 


Sta.. 

Center. 

Left. 

Right.        a  +  d 

w 

Yards. 

d'  -  d" 

1 

W'-W 

Pris. 
corr. 

ro 

3.1C 

6.7C 

10.6  C 

15.5  C 

8.7C 

9.6  C 

1.2C 

11.1 
14.7 
18.6 
23.5 
16.7 

40.2 
47.4 
59.1 
68.4 
51.3 

413 

645 

1018 

1488 

793 

702 
1307 
1397 

674 

3  6 

_1_   7   9 

53 
54 

+a5 

26.4 
11. 4C 

13.8 
4.2  C 

-8 

-9 

-9 

13 

29.1 
15.6  C 

18.3 

7.8C 

1       o.u        ,       ,  .^ 

-3.9   +  7.7 
4  Q   _j_  Q  a 

35.4 
19.0  C 

23.7       i 
10.6  C  1 

40.5 
12.4  C 

27.9 
5.8C 

+6.8 

-17.1 

30.6 

20.7 

Roadbed  24'  wide  in  cut.      Approx.  vol.  =  4080 
Slope  1.5  :  1.  Pris.  corr.  =  -  39 

I        24 


-89 


8.0 


True  vol.    =  4041 


^^' 


178 


9.C6  . 


In  the  above  form,  ^.>  ,   in  the  third  column  means  that  the  slope 
stake  on  the  left  side  of  Sta.  52  is  9.6  feet  above  the  elevation  of 
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the  roadbed  which  is  here  in  cut  C;  also  that  it  is  20.4  feet  out 
from  the  center.  This  notation  is  also  used  to  indicate  the  posi- 
tion of  "intermediate  points,"  the  numerator  of  the  fraction  giv- 
ing the  depth  of  cut  or  fill  (C  or  F)  and  the  denominator  the 
distance  from  the  center.  The  other  points  in  the  third  and  fourth 
columns  are  to  be  interpreted  similarly.  Column  5  is  found  by 
adding  a  (=8.0)  to  column  ^\  w  \yv  each  case  is  the  sum  of  the 
two  denominators  in  the  same  horizontal  line;  413  (in  column  6) 

25 
=^  ^    X  11.1  X  40.2.     A  short  method  of  performing  this  mul- 
tiplication   will    be    given   later.      The   solution   of    equation   44 
applied  to  this  case  is: 

Vol.  =  413  -  178  +  645  -  178  -=  702. 

Similarly     1397  =  -^^  (1018  -  178  +  1488  -  178). 

OK 

and   674  =  ^^  (1488  -  178  +  793  -  178). 

-  3.6  =  3.1  -  6.7  and  +  7.2  =  47.4  -  40.2.   -  8  =  ?5 

81 

( -  3.6)  X  (  +  '7.2) ;  see  equation  45.  Note  that  in  this  case  the 
prismoidal  correction  is  less  than  1  per  cent  of  the  total  volume. 
The  errors  due  to  inaccurate  cross -sectioning  will  frequently  be 
more  than  this.  The  volume  4041  cubic  yards  is  the  jjrecise  vol- 
ume (barring  the  neglect  of  the  fraction  of  a  yard)  of  the  prismoids 
given  by  the  notes.  Whether  these  prismoids  actually  represent 
the  true  volume  of  the  earthwork  depends  entirely  on  the  cross- 
sectioning  and  is  entirely  out  of  the  hands  of  the  computer. 

59.     Computation  of  Products.     The  products  ^ab  may  be 

written    — -.     These  products  are'  always  the  combination  of  two 

variable  terms  and  a  constant.  It  thus  becomes  possible  to  con- 
struct tables  which  will  give  these  products  for  any  given  height 
and  width.  CrandalPs  Earthwork  Tables  are  computed  on  this 
basis.  But  these  products  are  also  obtained  with  great  ease  by 
means  of  a  slide  rule,  provided  it  is  large  enough  to  give  the 
required  accuracy.  The  108  mark,  being  so  constantly  in  use 
should  have  a  special  mark  so  that  it  may  be  found  without  effort. 
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As  a  numerical  illustration,  take  the  first  of  the  above  cases.     Set 

the   108   mark   of  the  upper  scale  on  the  111  mark  on  the  lower 

scale.     Then   look  for  the  402  mark  on  the  upper  scale  and  note 

that  it  is  nearly  over  the  413  mark  on  the  lower  scale.     While  it 

is  possible  to  devise  set  rules   to  determine  the  position  of  the 

decimal  point,  it  is  considered  that  a  hasty  mental  solution  of  the 

problem  will  decide  the  point  quicker  and  with  less  chance  of 

error.     For  example — the  product  of  the  two  variable  quantities 

is  always  divided  by  1.08,  which  means  that  the  final  result  will  be 

a  little  less  than  the  simple  product  of  the  two  variables,  11  X  40 

=  440.     Therefore  413  is  evidently  the  correct  result,  rather  than 

25 
41.3  or  4130.     The  products  — -  a?y  are  similarly  obtained  since 

25         1 

oT  ==  o  9  I  >  and  the  324  mark  can  be  used  instead  of  the  108.   For 

f—  3.6^  X  r4-  7.2) 
example,  the  slide  rule  shows  that  ^^ »  c,} —  =  -  8  to  the 

nearest  cubic  yard.  As  to  the  decimal  point — 3.6  -i-  3.24  is 
something  more  than  one;  therefore,  the  result  is  something  more 
than  7.2.  Therefore  it  is  8,  rather  than  80  or  0.8.  If  the  student 
has  neither  tables  nor  slide  rule,  the  multiplication  of  the  two 
variables  (in  columns  5  and  6)  and  the  division  of  the  products  by 
the  constant  1.08,  may  be  made  so  mechanical  and  systematic  that 
it  may  be  done  quickly  and  accurately  although  it  is  much  slower 
than  the  slide  rule  method. 

60.  Irregular  Sections.  The  distance  from  the  center  and 
the  height  above  or  below  the  roadbed  must  be  obtained  for  each 
break  in  the  surface  between  the  slope  stakes.  Then,  in  Fig.  42, 
by  dropping  perpendiculars  from  each  point  to  the  roadbed  line, 
the  total  area  is  divided  into  a  number  of  trapezoids,  the  sum  of 
the  areas  of  which  (less  the  areas  of  the  two  triangles  under  the 
side  slopes)  equals  the  total  area  of  the  section.  For  Fig.  42,  the 
area  would  be  stated  algebraically  as  follows : 

Area  =  ^(r  +  s)  {f-g)  +  i-  (*  +  <)    (<,  -  /*)  +  i-(<+  d)h 
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Expanding  this  and  collecting  terms,  of  which  many  will  cancel 
out,  we  have 

Area  =  4-  [_fi  +  ^^  ^^'  "  '')  +  ^'  ^^  ~  ''^  +  ^"^  "^ ^  ^'^  ~  ""^  +  '2'  ^ 
(/•  +  w)\-  (46) 

Although  the  above  equation  looks  as  if  it  applied  only  to  the  par- 
ticular case  given,  yet  a  little  study  of  it  will  show  that  the  terms 
follow  a  law  so  general  that  the  reduced  equation  for  the  area  of 
any  section,  no  matter  how  complicated  or  how  many  points  it 
may  have,  may  be  written  out  by  a  literal  obedience  of  the  follow- 
ing rule: 

Area  equals  om-halfthe  sum  ofjproducts  oUained  as  follows: 


%mjmm 


Fig.  42. 

The  dista7ice  to  each  slojpe  stake  times  the  height  above  grade 
of  the  point  next  inside  the  slojpe  stake; 

The  distance  to  each  intermediate  jpoint  in  turn  t lines  the 
height  (f  the  point  just  inside  minus  the  height  of  the  2>oit(^t  j ast 
outside; 

Finally^  one-Jhalf  tite  width  of  the  roadbed  times  the  sam  (f 
the  slope  stake  heights. 

The  above  rule  may  be  followed  literally  whether  there  are 
forty  intermediate  points  or  one,  or  even  none.  When  there  are 
no  intermediate  points  the  terms  for  that  side  reduce  to  one — the 
distance  to  the  slope  stake  times  the  height  of  the  point  next  inside 
(which  in  this  case  is  the  center).  For  three-level  ground  (see 
Fig.  41),  we  would  have  three  terms; 
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Area  =  w^  d  -{-  Wj.  d  -\~  -^  ^  (^i  -r  K\  which  reduces  to  two  terms 

Area  =  wd  +  -i^-  J  (^i  +  ^r)- 

The  method  of  §  57  has  the  advantage  that  one  of  the  two 
terms  for  each  section  is  constant  for  all  sections — in  the  numerical 
case  of  §  58  it  is  178  cubic  yards.  By  the  above  method  the  two 
terms  for  each  section  are  variable.  Nevertheless,  when  the  cross 
sections  usually  have  one  or  more  intermediate  points  and  there- 
fore the  method  of  §  60  must  be  used,  and  an  occasional  section  is 
found  with  no  intermediate  points,  it  is  better  for  the  sake  of  uni- 
formity to  apply  the  above  method  rigidly  and  thereby  avoid  the 
possible  confusion  and  error  that  would  result  by  the  use  of  another 
method.  Probably  no  time  would  be  saved  by  the  change  of 
method. 

61.  Prismoidal  Correction.  The  above  method  of  irregular 
sections  is  capable  of  being  followed  to  its  logical  conclusion,  and 
a  computation  for  volume  made  which  is  mathematically  correct, 
provided  that  it  is  noted  on  the  ground  how  the  points  of  adjacent 
sections  are  joined,  so  that  the  warped  surfaces  thereby  developed 
shall  lie  as  closely  as  possible  in  the  actual  surface  of  the  ground. 
But  the  very  fact  that  the  c;oss- section  is  irregular  implies  that 
any  longitudinal  section  will  be  correspondingly  irregular,  and  this 
leads  to  the  suspicion  that  a  refinement  in  the  computations  may 
be  overshadowed  by  a  much  larger  but  unknown  difference  between 
the  volume  of  the  assumed  geometrical  solid  and  the  actual  volume 
of  the  earthwork.  In  order  to  obtain  a  correction  which  is  easily 
computed  and  which  gives  a  result  which  is  probably  much  nearer 
the  truth  than  no  correction  at  all,  the  following  method  is  much 
used:  Consider  thatyb/'  the  pu?'j)ose  of  the  correct'wn  the  ground 
is  ''  three-level  ground  "  and  use  equation  45.  Numerical  compu- 
tations of  volumes  by  both  methods  have  shown  that  the  d^fferen<^e 
is  small,  and  is  perhaps  smaller  than  the  probable  error  on  the 
entire  work.  This  method  will  be  used  in  the  following  numerical 
solution: 

62.  Numerical  Example.  Volume  of  Earthwork  in  Irreg- 
ular Ground.  The  first  tabular  form  gives  a  desirable  form  of 
notes  for  recording  the  field  work.    Note  that  the  station  numbers 
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run  up  the  page.  By  this  method  the  ^'  fractions  "  which  show 
the  height  and  distance  out  of  each  point  are  recorded  in  tlieir 
approximate  relative  position  when  the  note  book  is  held  looking 
ahead  along  the  line. 

It  should  be  noted  in  this  case  that  the  prismoidal  correction 
is  a  large  percentage  of  the  total  volume.  In  the  case  of  a  pyra- 
mid, the  correction  is  one-third  of  the  nominal  volume,  which 
means  that  it  is  50  per  cent  of  the  true  volume.  The  foregoing 
numerical  case  gives  the  notes  for  an  embankment  crossing  a 
gully,  and  in  such  cases  especially  the  prismoidal  correction  is 
always  large  and  should  not  be  neglected. 

63.  Side=hill  Work.  A  road  frequently  runs  along  the 
slope  of  a  hill  so  that  it  is  necessary  to  have  both  cut  and  fill  in 
the  same  section.  The  profile  at  such  a  place  will  indicate  little 
or  no  earthwork,  but  if  the  natural  slope  is  steep  and  the  roadbed 
wide  the  amount  of  earthwork  may  be  considerable.  Although  it 
is  possible  to  apply  the  general  rule  of  §  60  to  such  cases,  it  is 
usually  simpler  to  compute  the  area  in  each  case  independent  of 
the  rule,  especially  when  the  section  forms  a  mere  triangle.  The 
areas  of  cut  and  fill  must  be  calculated  independently.  When  a 
section  of  cut  or  fill  is  found  at  one  station  and  is  not  found  at 
the  next,  accuracy  requires  a  knowledge  of  the  place  where  the 
cut  or  fill  "  runs  out ".  That  small  volume  must  then  be  consid- 
ered a  pyramid  with  a  given  base  and  height.  In  general  the  end 
of  every  cut  or  fill  implies  the  existence,  at  least  for  a  short  dis- 
tance, of  side-hill  work.  Although  the  volumes  are  usually  small, 
yet  since  they  are  frequently  of  pyramidal  form,  the  prismoidal 
correction  is  usually  a  large  percentage  of  the  volume  and  hence 
should  not  be  neglected.  The  rule  of  §61  can  generally  be 
applied. 

64.  Borrow  Pits.  This  name  is  applied  to  places  from 
which  earth  is  taken  to  make  an  embankment  when  there  is  insuf- 
ficient excavated  material  in  the  neighborhood  or  when  the  mate- 
rial  is  unsuitable  for  embankments.  Such  volumes  must  be 
measured  up  and  paid  for  the  same  as  other  excavation.  Some- 
times the  form  of  the  excavation  is  literally  that  of  a  rectangular 
pit,  in  which   case   the  simple  product  of  the  three  dimensions 
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Fig.  4.'>. 


gives  the  volume.  But  usually  it  is  required  to  slope  the  sides; 
sometimes  the  material  is  obtained  by  widening  a  cut,  as  in  Fig. 
44.  If  the  borrow  pit  is  very  large,  several  cross-sections  should 
be   taken-  at   sufficiently   close   intervals.      If   the  prismoids   into 

which  the  total  volume  is 
divided  have  substantially 
equal  bases,  the  prismoid- 
al  correction  will  be  small 
and  may  be  neglected,  but 
if  the  forms  are  pyramidal 
the  correction  should  be 
computed  It  may  be- 
come necessary  to  consider 
the  total  volume  as  made 
up  of  triangular  prismoids  and  compute  the  prismoidal  correction 
for  each  one  separately. 

65.  Correction  for  Curvature.  The  volume  of  a  solid,  gen- 
erated by  revolving  a  plane  area  about  an  axis  lying  in  the  plane 
but  outside  of  the  area,  equals  the  product  of  the  given  area  times 
the  length  of  the  path  of  the  center  of  gravity  of  the  area.  When 
the  centers  of  gravity  of  the  cross-sections  lie  in  the  center  of  the 
road,  where  the  length  of  the  road  is  measured,  no  correction  is 
necessary.  If  all  the  cross-sections  were  the  same  and  therefore 
had  the  same  eccentricity,  the  total  volume  could  he  computed  by 
the  above  rule.  But  in  general  both  the  areas  and  the  eccentrici- 
ties vary  from  point  to  point, 
and  then  a  theoretically  exact 
solution  would  be  impracticable 
for  ordinary  work  if  not  impos- 
sible. But  a  sufficiently  prac- 
tical rule  can  be  developed  as 
follows:  Assume  a  curved  pris- 
moid,  of  uniform  cross-sections 
and  therefore  of  uniform  eccentricity.  Call  that  eccentricity  e. 
Let  R  be  the  radius  of  the  center  line  of  the  road.  Then  the  length 
of  the  path  of  the  center  of  gravity  is  to  the  length  measured  on 
the  center  line  as  Iv  i  e  :  K.     Therefore  we  have 

True  vohiviii  :  norninal  volume  :  :  R  i  <:^  :  R 


Fig.  44. 
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Therefore  the  true  volume  of  the  prismoid  =  I A  — ^^~,     '^^^ 

shows  that  the  effect  of  curvature  is  the  same  as  increasing  or 
diminishing  the  area  by  an  amount  which  depends  on  the  area  and 
the  eccentricity  and  that  the  increased  or  diminished  area  may  he 

found  by  multiplying  the  actual  area  by  the  ratio — = — .     This 

being  independent  of  the  value  of  I,  it  is  true  for  infinitesimal 
lengths.  If  the  eccentricity  is  assumed  to  vary  uniformly  between 
two  sections,  the  equivalent  area  of  a  cross-section  located  midway 

between  the  two  end  areas  would  l>e  A^^ ~  *"    .    There- 

JLw 

fore  the  volume  of  a  solid   which,  when  straight,  would  be 

(A'  +  4Ajp  +  A")  would  then  become 
True  volume  = 

g^j  [a-  (E  ±  .')  +  4A„  [R  ±\{^'  +  O]  +  A"  (R  +  .")] 

Subtractincp  the  nominal  volume,  which  is  the  true  volume 
when  the  prismoid  is  straight,  we  have  the  correction  for  curva- 
ture as  follows 

Correction  =  -j-_  j^(A'  +  2A^)  e   +  (2An,  +  A")  6" J 

As  in  the  case  of  the  prismoidal  formula,  the  use  of  this 
equation  implies  a  knowledge  of  the  middle  area.  This  correction 
is  always  a  small  proportion  of  the  total  volume  and  is  frequently 
insignificant.  Therefore  no  appreciable  error  is  involved  in  mak- 
ing the  equation  read 

Curv.  corr.  =  -1  ( AV  +  A"c>")  (47) 

66.  Eccentricity  of  the  Center  of  Gravity.  The  value  of"e'\ 
The  determination  of  the  center  of  gravity  of  a  complicated  irreg- 
ular cross -section  would  be  a  long  and  tedious  problem  and  is 
practically  unnecessary.  For  the  purpose  of  this  correction  it  is 
sufticiently  accurate  to  consider  all  sections  as  three-level  sections, 
except  in  side-hill  work,  where  they  should  usually  be  considered 
as  triangles.     In  Fig.  45,  the  eccentricity  of  the  center  of  gravity 
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of  the  whole  section,  including  the  grade  triangle,  may  be  com- 
puted as  follows: 

(a  -\-  d)  Xi  Xi     {a  +  d)  x^  x^ 

2         "8"~  2~  3"        1  {x^'-x/) 


e  = 


[a  +  d)  a?i      {a  -\-  d)  x^ 
_  j  _ 


3  (a?i  +  aJr)        3 


=  -o-  (^i  -  x^) 


(48) 


Substituting  this  value  of  e  in  equation  47,  we  have 

Curv.  corr.  =  g^|_A'  {x{  -  Xj,')  +  A"  {x^"  -  Xj,")  J 

But  the  approximate  volume  of  a  prismoid  may  be  written 

Vol.  =  -i  (A'  +  A")  ==  i.  A'  +  i-  A"  =  V  -f  Y" 

in  which  Y'  and  Y"  represent  the  number  of  cubic  yards  corre- 
sponding to  the  area  at  each  station.  Substituting  these  values  in 
the  above  equation,  we  have 

Curv.  corr.  in  cu.  yd.  =  ^[^'  K  -  O  +  ^"  K'  -  ^r")]  (49) 

The  value  of  e,  found  in  equation  48,  is  the  eccentricity  of  the 
whole  area,  including  the  grade  triangle 
under  the  roadbed.  The  eccentricity  of 
the  true  area  is  greater  than  this  and 
equals 

true  area  -\-  ^  ab 


e  X 


true  p.rea 


Fig.  45. 


The  required  quantity  (the  A'  e'  of  equa- 
tion 47)  equals  true  area  X  ^i  which 

equals  {^true  area  -\-  -^  ah)  X  e.  The  value  of  e  (given  in  equa- 
tion 48)  is  a  remarkably  simple  term,  while  the  value  of  ^,  is  very 
complicated  and  difficult  to  compute.  But  since  we  may  obtain  the 
true  corrective  value  by  using  e  and  at  the  same  time  adding  the 
yardage  corresponding  to  the  grade  triangle  to  the  yardage  cor- 
responding to  each  area,  it  is  best  to  do  it  in  this  way. 

For  any  one  curve  the  corrective  terms  are  all  divided  by  the 
quantity  3R.     If  tables  are  not  at  hand,  it  is  amply  accurate  to 
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compute  that  R  =  —yr-  in  which  D  is  the  degree  of  the  curve. 

Even  equation  49  may  be  simplified  somewhat  in  actual  use.    The 

Y  (xi  -  x) 
correction  at  each  station  has  the  form  —  ^i3 — ~-     3R  is  usually 

a  large  quantity;  for  a  4°  curve  it  is  4298.  (a?i  -  Xj.)  is  relatively 
very  small.  Their  ratio  times  V  is  never  a  very  large  quantity, 
and  it  is  frequently  less  than  unity,  when,  of  course,  it  should  be 
ignored.  An  approximate  solution  will  generally  show  that  the 
product  Y  (a?!  -  x^)  is  roughly  twice  or  three  times  3R,  or  is  per- 
haps less  than  one-half  3R,  and  then  the  corrective  term  for  that 
station  may  be  written  3,  2,  or  0  cubic  yards,  the  fraction  being 
ignored.  It  is  only  when  the  curvature  is  excessively  sharp  and 
the  eccentricity  very  great  that  the  curvature  correction  becomes  a 
large  percentage  of  the  volume. 

The  algebraic  sign  of  the  correction  is  most  surely  and  easily 
noted  from  a  consideration  of  the  direction  of  the  curvature  and 
in  which  side  the  earthwork  predominates.  If  the  center  of 
gravity  is  evidently  toward  the  inside  of  the  curve  the  true  vol- 
ume is  evidently  less  than  the  nominal  volume  and  the  correction 
should  be  negative.  When  the  curve  turns  to  the  right^  use  the 
form  (a?!  -  a?i.) ;  when  it  turns  to  the  left^  use  the  form  (aj^  -  a?i). 
The  algebraic  sign  of  the  correction  will  then  be  strictly  in  accord- 
ance with  its  true  value. 

67.  Numerical  Example.  Assume  that  the  earthwork  com- 
puted in  §  58  is  located  on  a  10°  curve  to  the  left.  How  much 
will  be  the  curvature  correction  ?  Copying  from  the  solution  in 
§  58  the  necessary  data  we  have  at  once  the  first  four  columns  of 
the  tabular  form.  Usually  the  last  three  columns  will  be  merely 
added  to  the  form  given  in  §  58.  Since  the  curve  is  to  the  left, 
we  use  the  form  {x^  -  x^.     3R  r=  3  X  573  =  1719. 


Station. 

a;, 

^f 

Yards. 

X, -x, 

V(Xr-x,) 

Curv. 

3R 

corr. 

52 

26.4 

13.8 

413 

-12.6 

-  3 

53 

29.1 

18.3 

645 

-10.8 

-  4 

-  7 

64 

85.4 

23.7 

1018 

-11.7 

-  7 

-11 

+  65 

40.5 

27.9 

1488 

-  12.6 

-19 

-17 

55 

30.6 

20.7 

793 

-  9.9 

-  5 

-  8 

Toial  curv.  corr.  =  -  43  yards. 
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The  net  volume  of  the  mass  under  consideration  is  thus  reduced 
to  3,998  cubic  yards.  A  10°  curve  is  rather  unusual.  Since  the 
correction  varies  directly  as  the  degree  of  the  curve,  if  the  above 
curve  were  a  4°  curve  the  correction  would  be  only  0.4  X  43  =  17 
cubic  yards. 

68.     Eccentricity  of  the  Center  of  Gravity  of  a  Side=hill 
Section.     It  will  generally  be  sufficiently  accurate  to  consider,  for 

this  purpose,  that  all  side-hill 
sections  are  triangular.  The 
center  of  gravity  of  a  triangle 
lies  on  a  line  joining  the  vertex 
and  the  middle  of  its  base,  and 
at  one-third  of  the  length  of 
this  line  from  the  base.  The 
eccentricity  is  therefore  equal 
the  distance  from  the  center  to 
the  middle  of  the  base  of  the 
triangle  plus  one- third  of  the 
base  of  the  triangle  plus  one- third,  of  the  horizontal  projection 
of  that  line.     Applying  this  rule  to  Fig.  46,  we  have 

-[T-4(4-)]+4['.-(4-l(i-.))] 


3       12^ 


7j    ,    Wi       Xf 


=  t[t+(^'-^')] 


(so) 


It  should  be  noted  that  the  grade  triangle  is  not  considered  in  the 
above  solution  ;  therefore  the  volume  of  the  grade  prism,  should 
not  be  considered  in  applying  Eq.  49.  In  three-level  ground  the 
curvature  correction  will  be  zero  when  x^  =  ,Tj.,  but  in  side-hill 
work  the  curvature  correction  is  never  zero  and  it  may  be  a  large 
proportion  of  the  total  volume. 

In  case  the  triangle  lies  wholly  on  one  side  of  the  center,  it 
may  be  similarly  shown  that  the  equation  may  be  written 
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This  equation  may  be  derived  directly  from  equation  50  by  con- 
sidering that  when  both  points  are  on  the  same  side  of  the  center, 
the  alt^ebraic  sign  .r^.  should  be  changed.  These  various  cases  may 
be  generalized  by  saying  that  when  the  triangle  lies  on  doth  sides 

of  the  center,  e  is  always  numerically  equal  to  -—  I  -^  +  (xi  ^  x^)  I 

in  which  the  form  should  be  {x^  -  x^^  or  (,/'j.  -  x^  according  to 
the  criterion  used  in  §  66.     AVhen  the  triangle  is  on  one  side  only 

e  =  -—I  -^  4-  the  numerical  sum  of  the  two  distances  out  1.    Its 

algebraic  sign  should  be  determined  as  in  §  66. 

CONSTRUCTIVE  EARTHWORK. 

69.  Methods  of  Excavating.  Economical  excavating  depends 
largely  on  the  distance  to  be  hauled  as  well  as  on  the  character  of 
the  soil.  Side-hill  work  is  usually  done  by  mere  shoveling,  the 
earth  being  loosened  by  picks  or  plows.  When  the  distance  that 
the  earth  must  be  moved  becomes  greater,  wheelbarrows  or  drag 
scrapers  become  economical.  "Wheeled  scrapers,  two-wheeled  carts, 
four-wheeled  wagons,  small  cars  drawn  by  horses,  and  heavier  cars 
drawn  in  a  train  load  by  locomotives  successively  become  more 
economical  as  the  distance  increases.  As  the  magnitude  of  the 
work  increases,  thereby  justifying  an  increase  in  the  cost  of  the 
plant  used,  economy  in  the  cost  of  loosening  and  loading  is  ob- 
tained by  using  a  steam-shovel  instead  of  picks  and  plows.  When 
cuts  are  very  deep,  they  are  best  excavated  in  "benches"  whose 
height  will  depend  on  the  method  of  loosening  and  loading. 

70.  31asting.  Blasting  is  employed  not  only  for  hard  rock 
which  can  only  be  removed  by  such  methods,  but  also  as  a  means 
for  rapidly  loosening  shale  and  even  frozen  earth.  The  explosives 
used  vary  in  their  composition  from  a  high  grade  detonating  ex- 
plosive, such  as  Ko.  1  dynamite  which  consists  of  75  per  cent 
nitro-glycerine,  to  black  powder  which  is,  comparatively,  "  slow 
burning."  Between  these  extremes  there  are  a  great  multitude 
of  explosive  compounds,  which  consist  of  varying  proportions  of 
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explosives  of  the  two  types.  It  has  been  demonstrated  that  a  slow 
burning  explosive  is  made  to  ''  detonate  "  if  it  is  exploded  by  means 
of  a  sulhcient  volume  of  a  detonating  explosive,  which  means  that 
a  mixture  of  the  two  kinds  has  a  greater  explosive  force  than  the 
sum  of  tlie  constituents  exploded  separately.  The  choice  of  ex- 
plosive depends  on  the  character  of  the  rock.  A  hard  brittle  rock 
requires  a  detonating  explosive  which  shall  shatter  it.  A  soft  and 
tough  rock  is  best  loosened  by  a  powder  which  acts  more  slowly. 
If  dynamite  is  exploded  in  a  soft  clay  rock  the  hole  may  be  blown 
out,  but  the  great  mass  of  the  rock  is  not  disturbed.  When  the 
center  of  the  mass  of  powder  is  4  feet  from  the  nearest  surface, 
about  2  pounds  of  black  powder  (or  about  J  of  a  pound  of  dyna- 
mite) should  be  used.  The  amount  should  vary  as  the  cahe  of  the 
"line  of  least  resistance,"  '?*.<?.,  if  the  center  of  the  blast  is  10  feet 
from  the  nearest  surface  the  amount  would  be  determined  by  the 
proportion  a?  :  2  ::  10^  :  ,4^,  ox  x  =  31  pounds.  In  this  case,  since 
dynamite  is  about  six  times  as  powerful  as  black  powder,  a  little 
over  5  pounds  of  No.  1  dynamite  would  do  as  well.  The  "line  of 
least  resistance"  may  not  be  the  "  nearest  line  to  the  surface"  on 
account  of  seams  in  the  rock  which  modify  its  resisting  power,  but 
the  above  rule  is  about  as  near  a  fixed  rule  as  can  be  stated.  For 
open  work,  especially  when  time  is  not  a  very  important  matter,  it 
is  cheaper  to  use  black  powder,  but  in  tunnel  headings  where  the 
progress  of  the  work  is  limited  by  the  progress  of  the  drillers  it  is 
economical  to  use  dynamite  although  it  is  more  expensive. 

Drilling.  Hand  drilling  when  the  holes  are  vertical  is  best 
accomplished  wnth  "  churn  drills,"  which  are  heavy  bars  of  iron 
shod  with  a  steel  drill,  which  are  raised  and  dropped,  the  impact 
doing  the  cutting,  the  drill  being  slightly  turned  after  each  stroke. 
From  five  to  fifteen  feet  of  holes,  depending  on  the  character  of 
the  rock,  is  considered  a  fair  day's  work  of  ten  hours.  Oblique 
or  horizontal  holes  must  be  drilled  with  light  drills  of  the  "one- 
man  "  type  or  the  "  two-man  "  type.  The  one-man  drill  is  worked 
entirely  by  one  man  with  a  light  one-hand  hammer.  With  the 
other  method,  one  man  holds  the  drill,  which  is  perhaps  a  little 
heavier  and  which  is  struck  by  another  man,  or  perhaps  by  two, 
using  a  heavy  hammer.  It  has  been  found  that  the  light-hammer 
method   is  more    economical   for  soft   rocks,   the   heavy-hammer 


168 


BAILllOAD  EXaiNEERING  73 

method  more  economical  for  hard  rocks,  but  that  the  light-hammer 
method  is  always  quicker  and  is  to  be  preferred  when  limited 
space  and  time  are  matters  of  importance.  Machine  drilling  is  a 
specialty  which  can  only  have  a  very  brief  general  discussion  here. 
Where  the  magnitude  of  the  work  will  justify  it,  it  is  always  more 
economical  per  foot  of  hole  drilled.  The' plant  is  expensive  both 
in  first  cost  and  maintenance;  part  of  the  expense  is  nearly 
constant  regardless  of  the  number  of  holes  bored,  and  so  it  is  only 
when  the  work  is  extensive  that  the  method  is  advantageous,  but 
under  favorable  circumstances  the  economy  is  very  marked.  For 
open -pit  work  individual  drills  are  used,  but  for  tunnel  headings 
several  drills  are  mounted  on  a  "carriage"  from  which,  after  it  is 
set,  several  holes  may  be  drilled  simultaneously.  Compressed  air 
is  used  to  run  the  drills  in  tunnel  work.  This  serves  the  addi- 
tional purpose  of  furnishing  a  supply  of  pure  cold  air  at  the  place 
where  it  is  most  needed. 

Tamping.  It  has  been  found  that  air  spaces  around  the 
explosive  cause  a  very  material  reduction  in  the  force  of  the  explo- 
sion, therefore  it  is  necessary  to  ram  the  explosive  into  a  solid 
mass  and  then  pack  the  top  of  the  hole.  Iron  bars  should  never 
be  used  for  tamping.  Copper  bars  are  sometimes  used  for  ram- 
ming powder,  but  dynamite  is  most  safely  rammed  with  wooden 
bars.  Clay  is  the  best  tamping  material  where  it  is  available,  but 
sand  or  finely  powdered  rock  will  serve  very  well.  It  has  been 
found  that  when  blasting  under  water  the  weight  of  the  superin- 
cumbent water  is  sufiicient  tamping. 

Exploding.  On  small-scale  work,  the  blasts  are  generally 
exploded  by  means  of  a  powder  fuse,  which  is  essentially  a  cord 
which  forms  tlie  matrix  for  a  train  of  powder,  the  cord  being 
further  protected  by  a  wrapping  of  some  sort.  The  better  plan, 
and  the  one  which  is  used  almost  exclusively  for  extensive  work,  is 
to  explode  a  large  number  of  holes  simultaneously  by. means  of 
electricity.  A  "cap"  containing  a  small  charge  of  fulminate  of 
mercury,  an  expensive  but  very  powerful  explosive,  is  set  in  the 
midst  of  the  larger  mass  of  explosive.  An  electric  current  from 
a  field  battery  is  sent  through  each  cap.  As  the  current  passes 
through  each  cap  it  heats  a  small  platinum  wire  to  redness  or  else 
causes  a  spark  to  jump  across  a  short  gap  in  the  wire.     In  either 
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case  the  fulminate  is  exploded,  which  in  turn  explodes  the  main 
charge. 

Cost.  The  cost  of  blasting  is  so  exceedingly  variable,  depend- 
ing on  the  nature  of  the  rock,  depth  of  the  cutting,  and  especially 
on  the  magnitude  of  the  work  and  the  methods  employed,  that 
only  the  most  approximate  estimates  can  be  here  given.  Under 
the  most  favorable  circumstances,  deep  cutting,  machine  methods, 
and  a  rock  which  is  brittle  but  not  too  tough,  the  cost  may  fall  as 
low  as  25  cents  per  cubic  yard,  while  with  hand  drilling,  hard  and 
tough  rock,  in  a  shallow  cut,  the  cost  might  easily  rise  to  $1  per 
cubic  yard.  It  would  indicate  exceptionally  unfavorable  circum- 
stances, bad  management,  or  possibly  an  excessive  price  for  com- 
mon labor,  if  the  cost  should  rise  above  this  figure. 

71.  Formation  of  Embankments.  Experience  has  shown 
that  when  earth  is  excavated  and  piled  in  embankments  its  vol- 
ume will  at  first  be  more  than  the  original  measured  volume  but 
that  it  will  finally  shrink  to  about  90  per  cent  of  its  original 
volume.  The  percentage  of  shrinkage  is  a  very  uncertain  quan- 
tity, as  it  depends  on  the  kind  of  earth,  on  the  method  employed 
in  forming  the  embankment  and  on  the  time  elapsed  between 
construction  and  the  measurement  of  what  is  supposed  to  be  the 
settled  volume.  Material  dumped  from  a  trestle  will  first  have  a 
volume  considerably  in  excess  of  its  final  volume  and  it  will  take 
several  months  and  even  years  to  shrink  to  its  final  volume.  On 
the  other  hand,  if  an  embankment  is  formed  in  very  thin  layers, 
each  of  which  is  packed  down  by  the  process  of  unloading  the 
succeeding  layer,  there  will  be  but  little  shrinkage  after  the 
embankment  is  finished,  but  more  material  than  the  volume  as 
measured  in  the  cut  will  be  required  to  form  that  volume  of 
embankment.  Broken  rock,  formed  into  an  embankment,  will 
have  a  volume  about  80  per  cent  greater  than  the  mass  of  solid 
rock  from  which  it  is  taken. 

It  is  frequently  specified  that  embankments  are  to  be  made 
to  a  somewhat  higher  elevation  than  the  plan  of  the  road  calls  for, 
so  that  the  expected  shrinkage  will  reduce  the  embankment  to  the 
desired  level.  Since  the  contractor  is  paid  by  the  cubic  yards  of 
material  excavated  and  is  required  to  dispose  of  excavated  mate- 
rial as  required,  it  is  generally  specified  that  the  amount  of  this 
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About  15  miles  north  of  San  Francisco.  The  line  here  parallels  itself  five  times  within  a  dis- 
tance of  400  feet  across  tracks.  This  "most  crooked  railroad  in  the  world,"  in  a  distance  of  8i 
nules,  overcomes  a  grade  of  2.592  feet,  making  281  ciirves,  which,  if  continuous,  would  make  42 
complete  circles.  The  locomotives  used  are  oil-burners  of  the  "marine-geared"  type,  with  three 
vertical  cylinders  on  one  side  operating  the  drivers  by  turning  a  long,  horizontal  shaft  with  cogged 
gearing. 
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excess  of  heicrht  of  embankments  is  left  to  the  discretion  of  the 
engineer  who  decides  tlie  question  during  the  progress  of  the  work 
and  after  he  has  liad  an  opportunity  to  judge  of  the  material  after 
excavation  is  under  way.  When  embankments  are  placed  on  side- 
hills,  the  surface  should  be  first  plowed  or  have  trenches  dug 
along  the  slope  so  that  the  embankment  shall  not  slip  down  the 
hill.  A  ditch  dug  at  the  base  of  each  slope  will  drain  the  sub- 
soil and  may  prevent  a  dangerous  and  costly  disintegration  of  the 
embankment.  Thickening  the  layers  of  an  embankment  on  the 
outside  somewhat  so  that  the  layers  will  be  concave  upward  may 
also  present  sliding  of  the  layers  on  each  other.  When  the  plans 
call  for  a  very  long  and  high  embankment,  it  is  sometimes  best 
to  construct  lirst  a  trestle  and  operate  the  toad  over  it.  The 
trestle  should  have  a  life  of  at  least  five  or  six  years,  and  during 
that  time  material  can  be  brought  from  some  excavation,  perhaps 
several  miles  away,  where  it  was  perhaps  loaded  with  a  steam 
shovel,  hauled  by  the  train  load,  dumped  with  an  "unloader," 
and  allowed  all  the  required  time  to  settle,  the  whole  being  done 
for  a  cost  per  yard  far  less  than  it  would  have  cost  during  the 
oritrinal  construction.  The  method  has  the  added  advantage  of 
permitting  the  road  to  be  quickly  opened  for  traffic  and  permitting 
it  to  quickly  get  on  an  earning  basis,  for  such  a  trestle  can  be 
built  more  quickly  than  a  very  high  embankment. 

72.  Classification  of  Earthwork,  One  of  the  most  fruitful 
sources  of  legal  contention  between  a  contractor  and  his  employer 
is  the  classification  of  excavated  material  when  the  work  is  paid 
for  accordinor  to  the  classification  of  the  material  excavated.  It  is 
not  only  true  that  there  is  an  insensible  gradation  from  the  softest 
of  earth  to  the  hardest  of  rock,  but  a  material  which  is  very  hard 
when  first  exposed  will  sometimes  crumble  up  after  a  very  short 
exposure  to  the  atmosphere.  It  is  even  true  that  some  kinds  of 
rock  which  are  very  soft  when  first  taken  out  harden  after  exposure 
to  the  air,  but  this  class  of  phenomena  never  has  any  influence  on 
mere  blasting  for  excavation.  To  avoid  these  disputes,  some  rail- 
roads require  their  contractors  to  satisfy  themselves  as  to  the  char- 
acter of  the  material  to  be  excavated  and  then  to  make  a  single  bid 
per  yard  which  shall  include  whatever  material  is  encountered. 
With  all  its  advantages,  this  throws  all  the  uncertainty  on  the  con- 
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tractor,  and  unless  the  competition  is  very  great  and  the  bidding 
close  the  contractor  will  usually  add  so  much  to  cov(^r  that  uncer- 
tainty that  the  railroad  will  pay  more  than  it  would  on  a  classified 
basis. 

The  classification  is  usually  made  threefold — (1)  solid  rock,  (2) 
loose  rock,  including  shale  and  hard-pan,  and  (3)  earth.  Solid  rock 
includes  only  such  material  as  cannot  be  removed  except  by  blasting, 
when  it  is  found  in  masses  exceeding  one  cubic  yard.  Loose  rock 
includes  boulders  which  are  more  than  one  cubic  foot  in  volume 
and  less  than  one  cubic  yard;  also  stratified  rock  occurring  in 
layers  of  not  more  than  six  inches,  when  they  are  separated  by 
strata  of  clay;  also  all  material  (not  classified  as  earth)  which  ecui 
be  loosened  with  a  pick  and  bar  and  which  "  can  be  quarried  with- 
out blasting  although  blasting  may  occasionally  be  resorted  to." 
'*  Earth  "  includes  all  material  not  considered  above — boulders  not 
over  one  cubic  foot  in  volume,  all  clay,  sand,  gravel,  loam,  decom- 
posed rock  and  slate,  and  all  materials  which  can  be  loosened  for 
loading  by  a  plow  with  two  horses,  or  such  as  one  picker  can 
keep  one  shoveler  busy.  A  brief  consideration  of  the  above  classi- 
fication, which  is  compiled  from  the  best  authorities  available, 
shows  the  infinite  opportunities  for  dispute  as  to  classification. 

TUNNELS  —  SURVEYING. 

73.  Character  of  Surveying.  There  are  few  kinds  of  sur- 
veying for  engineering  w^ork  where  accuracy  is  of  such  high  finan- 
cial value  and  where  it  is  so  difiicult  to  accomplish  as  it  is  in 
tunnel  work.  By  the  very  nature  of  the  case  a  tunnel  is  usually 
located  in  a  region  w^here  it  is  very  rough  and  all  the  surface  sur- 
veys must  be  made  on  very  steep  slopes  where  accurate  measure- 
ments are  exceedingly  difficult.  The  surveys  in  the  tunnel  itself 
are  made  in  cramped  quarters  w^here  light  is  artificial  and  the 
atmosphere  is  perhaps  smoky.  The  difi[iculties  will  be  elaborated 
as  the  methods  for  obviating  them  are  discussed.  Tunnels  are 
generally  excavated  from  each  end.  A  very  small  error  at  either 
end  will  accumulate,  especially  if  the  tunnel  is  very  long,  until 
when  the  two  headings  meet  there  may  be  an  offset  which  might 
actually  necessitate  a  small  reversed  curve  in  the  alignment. 
Therefore  only  the  most  refined  measurements  for  distance,  the 


156 


RAILROAD  ENGINEERING  77 

most  refined  leveling  between  the  ends  of  the  tunneling  and  the 
repeated  measurements  of  all  horizontal  angles  or  the  most  precise 
prolongation  of  lines  are  to  be  used.  All  such  work  should  be 
repeated  and  checked  until  the  probable  error  of  the  work  is  so 
small  that  such  error  as  may  remain  has  no  financial  importance. 
The  cost  of  such  refined  work  is  amply  justified,  because  the  lack  of 
it  may  result  in  an  error  whose  financial  value  might  be  very  great. 

74.  Surface  Surveys.  The  relative  position  of  the  two  ends 
of  the  tunnel  is  first  determined,  i.e.,  the  azimuth  and  length  of  a 
line  joining  the  two  ends  and  the  relative  elevation.  Usually  a 
line  is  run  on  the  surface  which  will  be  at  every  point  exactly 
over  the  center  line  of  the  tunnel.  When  the  tunnel  is  perfectly 
straight  throughout,  this  is  comparatively  easy.  Any  curvature 
in  the  tunnel  complicates  the  surveying  greatly.  A  permanent 
station,  from  which  a  long  sight  can  be. run  into  the  tunnel,  is 
placed  at  each  end.  Then  intermediate  permanent  stations  are  set 
so  that  adjacent  stations  are  intervisible.  These  stations  are  first 
set  approximately  on  line  and  then  by  repeated  adjustments  they 
are  all  set  exactly  on  line.  Any  intermediate  shaft  can  then  be 
located  from  the  adjacent  stations. 

Distance.  The  distance  is  sometimes  determined,  as  in  geo- 
detic surveying,  by  triangulation  and  the  measurement  of  a  base  line. 
Some  of  the  great  Alpine  tunnels  have  been  measured  in  this  way. 
But  for  simpler  work  a  direct  measurement  is  made  with  a  tape. 
Since  the  slopes  are  usually  very  steep,  it  becomes  impracticable 
to  hold  any  very  great  length  of  the  tape  truly  horizontal.  It  is 
then  also  necessary  to  plumb  down  from  the  down -hill  end  of  the 
tape  to  the  ground.  This  is  troublesome  and  also  introduces  an 
element  of  inaccuracy.  And  therefore  '-slope  measurements"  are 
often  made,  measuring  the  slope  distance  between  carefully  marked 
points  and  at  the  same  time  determining  the  difference  of  elevation. 
A  simple  geometrical  calculation  then  determines  the  true  hori- 
zontal distance.  These  marks  may  consist  of  needles  set  in  wooden 
plugs  supported  on  ordinary  surveying  tripods. 

Levels.  The  above  method  includes  the  leveling.  But  if 
the  ordinary  method  of  leveling  is  used,  especial  care  must  be 
taken,  since  the  slopes  are  very  steep  and  the  vertical  distances  to 
be  overcome  very  great. 
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75.  Underground  Surveys.  Station  marks,  corresponding 
to  the  stakes  of  ordinary  surveys,  cannot  usually  be  placed  in  the 
bottom  of  the  timnel  since  they  would  be  very  quickly  disturbed 
or  covered  over  with  debris.  If  the  tunnel  is  timbered,  the  eas- 
iest method  is  to  place  the  marks  on  the  timbering,  but  this  should 
not  be  done  unless  the  timbering  is  very  firmly  in  place  and  is  not 
liable  to  be  shifted.  The  better  plan  is  to  drill  a  hole  in  the  roof  of 
the  tunnel,  insert  a  w^oodeu  plug,  and  then  set  in  the  wood  a  small 
hook  or  nail  which  marks  the  exact  point.  Occasionally  such 
marks  are  placed  on  the  side  of  the  tunnel.  "When  placed  in  the 
roof  there  is  the  advantage  that  a  plumb  line,  which  must  be  illu- 
minated by  a  lantern,  may  be  swung  from  the  hook  or  nail.  A  still 
better  device  is  a  plumb  bob  hung  by  a  pair  of  cords  attached  to 
a  ''gimbel  joint"  on  the  bob.  The  bob  has  a  little  reservoir  for 
oil  and  a  wick  exactly  in  the  center  which  will  furnish  a  flame 
which  may  be  seen  as  far  as  necessary  and  which  may  be  bisected 
by  the  cross  hairs  of  the  transit  with  great  accuracy.  Such 
'•  sights"  can  be  reproduced  whenever  desired  with  great  confidence 
that  there  is  no  appreciable  variation.  When  a  mere  plumb  line 
is  used  to  sight  at,  it  must  be  illuminated  by  some  sort  of  lantern. 
This  may  be  done  by  using  a  lantern  with  a  ground  glass  which  is 
placed  behind  the  line,  which  is  seen  by  its  contrast  against  the 
illuminated  background.  If  an  ordinary  lantern  is  used,  it  should 
be  placed  nearly  in  front  of  the  line  and  pointing  away  from  the 
transit,  so  that,  without  being  seen  from  the  transit,  it  illuminates 
the  face  of  the  line  which  then  shows  light  against  the  darkness  of 
the  tunnel. 

The  leveling  must,  of  course,  be  done  with  the  level  rod  in- 
verted 80  as  to  obtain  the  distance  from  the  station  point  doioi  to 
the  line  of  sight.  Of  course  this  makes  a  corresponding  difference 
in  the  calculations  which  must  be  carefully  watched  to  avoid  a 
blunder  due  to  this  change.  This  may  be  avoided  by  always  plac- 
ing a  minus  sign  before  any  rod  readings  so  taken,  and  then  fol- 
lowing the  old  rule  of  algebraically  adding  backsights  and  sub- 
tracting foresights  and  intermediate  sights.  Various  devices  are 
required  to  meet  special  conditions  which  test  the  inventive  inge- 
nuity of  the  engineer. 
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76.  Surveying  Down  Shafts.  In  the  case  of  very  long  tun. 
nels  it  sometimes  seems  advisable  to  sink  shafts  at  one  or  more 
points  on  the  line  of  the  tunnel,  and  when  they  have  been  sunk  to 
the  required  depth,  proceed  to  dig  out  the  tunnel  in  each  direction. 
For  such  work  it  becomes  necessary  to  determine,  at  the  bottom  of 
the  shaft,  elevation,  distance  and  alignment.  If  the  shaft  is  ver- 
tical, as  is  usually  but  not  always  the  case,  the  elevations  are  most 
readily  carried  down  the  shaft  by  means  of  a  steel  tape  by  methods 
which  are  obvious.  Distance,  which  means  in  this  case  the  longi- 
tudinal position  in  the  alignment  of  the  road  of  any  given  point, 
is  readily  transferred  from  the  surface  to  the  level  of  the  tunnel 
by  a  very  obvious  application  of  the  results  of  the  next  process  to 
be  described.  Transferring  the  alignment  with  accuracy  requires 
the  utmost  care  and  ingenuity.  In  principle  it  is  very  simple. 
Two  heavy  plumb  bobs  are  hung  on  steel  wires  which  are  long 
enough  to  reach  from  the  surface  to  the  tunnel.  At  the  surface 
they  are  placed  on  a  line.  Theoretically  they  should  be  on  a  line 
at  the  level  of  the  tunnel.  If  a  transit  is  so  placed  in  the  tunnel 
that  its  line  of  collimation  passes  simultaneously  through  both 
wires,  it  is  in  the  line  of  the  tunnel.  Such  is  the  simple  outline; 
some  of  the  difficulties  are  as  follows : 

Although  the  wires  are  set  as  far  apart  as  possible  along  the 
line  of  the  tunnel,  the  distance  is  absolutely  limited  by  the  size  of 
the  shaft.  Any  minute  error  in  the  location  of  these  lines  (say 
eight  feet  apart)  will  be  greatly  magnified  when  the  headings  are 
run  out  6,000  or  7,000  feet  in  each  direction  from  the  base  of  the 
shaft,  as  was  done  in  the  case  of  the  Hoosac  tunnel.  The  currents 
of  air  up  a  tunnel  shaft  have  considerable  effect  in  swaying  the 
wire  from  a  true  vertical.  In  the  case  of  the  Tamarack  shaft, 
4,250  feet  deep,  the  wires  were  0.11  foot  farther  apart  at  the  bot- 
tom than  at  the  top.  The  discrepancy  in  that  direction  had  no 
effect  on  the  alignment,  but  if  the  wires  had  an  error  whose  com- 
bined  effect  in  that  direction  was  0.11  foot,  the  lateral  error  while 
unknown  was  perhaps  as  much  or  more.  The  uncertainty  was 
therefore  in  that  case  very  great.  Incasing  such  wires  for  the 
whole  distance  in  a  box  reduces  the  effect  of  air  currents.  The 
plumb  bobs  are  swung  in  pails  of  water  or  oil  at  the  bottom  and 
their  locations  noted  as  carefully  as  possible,  taking  the  mean  posi- 
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tion  of  the  vibrations  which  cannot  be  altogether  overcome.  Marks 
are  then  set  at  the  bottom  of  the  shaft  (but  in  the  roof  of  the 
tunnel)  from  which  plumb  lines  can  be  hung.  A  transit  can  then 
be  set  by  trial  so  that  its  line  of  collimation  simultaneously  passes 
through  both  wires. 

TUNNEL  DESIGN. 

77.  Cross-Sections.  The  variety  in  the  cross-sections  which 
have  been  adopted  is  due  to  the  fact  that  there  are  no  absolute  re- 
quirements which  determine  the  design  except  in  a  general  way. 
If  the  tunnel  passes  through  such  very  soft  soil  that  there  is  ex- 
cessive pressure  the  form  should  be  circular  or  nearly  so.  While 
the  size  of  the  rolling  stock  is  in  one  sense  a  limitation,  yet  the 
clearance  should  be  considerable,  partly  for  the  reason  of  allowing 
something  for  a  possible  settlement  of  the  lining.  A  majority  of  the 
sections  used  have  a  semi-circle  or  semi-ellipse  surmounting  a  rect- 
angle or  trapezoid.  Even  when  the  ground  is  so  soft  that  lining  is 
required  not  only  at  the  top  but  also  at  the  sides  and  bottom,  the 
same  general  shape  will  be  used  except  that  the  straight  lines  will 
be  replaced  by  arcs  of  circles  concave  to  the  center  of  the  tunnel. 
Illustrations  of  cross-sections  will  be  shown  under  a  subsequent 
section. 

A  tunnel  almost  invariably  strikes  one  or  more  veins  of  water 
which  immediately  begin  to  discharge  into  the  tunnel,  which  there- 
after becomes  the  drainage  outlet  for  such  water.  This  necessi- 
tates an  adequate  provision  for  drainage.  In  a  double  track  tunnel 
the  drain  will  usually  be  placed  between  the  two  tracks,  but  with 
single-track  tunnels  they  must  necessarily  be  placed  on  each  side. 
Figs.  48  and  53  will  illustrate  this  feature. 

78.  Grade.  Many  tunnels  are  situated  at  the  summit  of  two 
grades,  which  are  very  probably  the  ruling  grade  of  the  road.  In 
such  a  case  it  is  possible  to  make  the  ends  of  the  tunnel  at  practi- 
cally the  same  level  and  have  no  grade  in  the  tunnel  except  a  slight 
summit  near  the  middle  of  the  tunnel  which  shall  furnish  grade 
for  drainage.  Grade  for  drainage  should  never  be  omitted — about 
0.2  per  cent  grade  is  required.  But  tunnels  are  frequently  neces- 
sary as  parts  of  a  grade  which  is  very  possibly  the  ruling  grade  of 
the  line.     In  such  cases  the  grade  slaould  be  very  materially  re- 
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duced  while  running  through  the  tuitnel.  The  atmospheric  resist- 
ance in  a  tunnel  is  greater,  the  rails  are  apt  to  be  wet  and  slippery 
and  the  tractive  power  therefore  less,  while  the  consumption  of  the 
limited  supply  of  oxygen  by  the  locomotive  and  the  poisonous 
fumes  cast  off,  especially  when  the  engine  is  working  hard,  is  a 
source  of  actual  danger  to  the  engine  crew  and  even  to  the  pas- 
sengers. Therefore  a  generous  reduction  of  grade  should  be  made, 
although  the  precise  amount  of  compensation  required  is  hardly 
computable. 

79.     Lining.     The  lining  required  varies  from  no  lining,  such 
as  may  be  permitted  when  the  rock  is  so  firm  that  it  will  be  abso- 


Fig.  47.    Connection  with  Shaft,  Church  Hill  Tunnel. 

lutely  self  sustaining  and  will  not  disintegrate  upon  exposure  to 
the  weather,  and  a  lining  of  the  very  heaviest  and  strongest  cut- 
stone  masonry  which  should  be  used  when  the  ground  is  subject 
to  extensive  settling.  This  condition  is  far  worse  than  any  mere 
fluid  pressure.  Many  American  tunnels  have  been  constructed 
with  a  permanent  lining  of  timber,  such  as  is  illustrated  in  Fig. 
47.  In  other  cases  the  cross-section  of  a  tunnel  has  purposely 
been  made  somewhat  larger  than  necessary,  so  that  when  the  tim- 
ber lining  required  renewal  a  masonry  lining  could  be  built  inside 
of  the  timber  lining  without  encroaching  on  the  required  clear 
cross-section  and  without  requiring  any  disturbance  of  the  timber 
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lining.     In 
be  deferred 
able  to  pay 
masonry, 
side  of  the 
the  lining 
filled  with 
solid  niasoi 


this  way  the  heavy  expense  of  the  masonry  lining  could 
until  a  time  when  the  road  would  probably  be  better 
for  it.     True   economy   requires  the   best  of   cement 
When,  on  account  of  an  unintentional  fall  of  rock  out- 
nominal  excavation  lines  a  space  would  be  left  between 
and   the  line  of  the  excavation,  such   space   should   be 
broken  stone  well  packed  in  or  even  with  concrete  or 
iry. 


Fig.  48. 

80.  Portals.  Althoui/h  no  calculations  can  be  made  to  de- 
termine  the  forces  acting  on  a  portal,  it  is  readily  seen  that  they 
are  sometimes  very  great,  as  they  must  often  prevent  a  tendency  of 
the  face  of  the  mountain  to  slide  down  over  the  tunnel  outlet.  In 
Fig.  48  is  shown  atypical  portal.  These  are  sometimes  made  very 
elaborate  architecturally,  but  the  leading  feature  of  the  design  must 
be  its  massiveness.  It  must  act  as  a  retaining  wall  against  the 
direct  action  of  the  slope.  If  there  is  also  a  considerable  stretch 
of  open  cut  at  the  entrance  to  the  tunnel,  then  the  design  is  really 
simplified  by  walls  on  the  sides  of  the  cut  which  will  act  as  but- 
tress walls  to  the  portal.  Some  of  the  most  difficult  construction 
of  a  tunnel  may  occur  at  the  portals.     It  is  here  that  the  thickness 
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of  the  natural  'M'oof"  of  the  tunnel  runs  out  to  practically  zero. 
Considerable  thickness  is  required  before  it  will  become  self-sus- 
taining enough  to  give  opportunity  to  place  the  timbering.  The 
surface  soil  may  also  be  so  loose  that  the  excavation  below  starts 
a  landslide.  Therefore  a  very  heavy  timber  frame  must  be  con- 
structed outside  of  the  line  of  the  proposed  portal  and  must  be 
very  heavily  braced  to  withstand  a  probable  tendency  to  a  landslide. 
In  one  case  a  shaft  was  sunk  a  short  distance  from  the  portal; 
tunnel  excavation  and  permanent  masonry  lining  was  at  once  com- 
menced,  running  back  toward  the  portal.  As  the  surface  was  ap- 
proached the  thin  roof  was  so  thoroughly  supported  that  no  serious 
difficulty  was  encountered  from  a  landslide. 

TUNNEL  CONSTRUCTION. 

8L  General  Principles.  A  large  majority  of  tunnels  require 
a  lining  because  the  material  through  which  they  are  excavated 
cannot  be  depended  on  to  be  self-sustaining.  Except  in  sub-aqueous 


Cross    Section, 


Lonqi+udinoJ    Sect  .on. 


Fig.  49. 

work,  all  material  is  self-sustaining  over  a  small  area  and  for  a 
short  time,  a  time  long  enough  so  that  after  a  small  area  has  been  ex- 
posed a  support  even  though  temporary  may  be  placed  which  will 
prevent  a  fall  at  that  place.  Since  there  are  all  gradations  in  mate- 
rial from  the  hardest  of  rock  to  the  softest  of  quicksand,  there  are 
likewise  gradations  in  the  methods  to  be  adopted,  in  the  prompt- 
ness with  which  timbering  must  be  placed  to  support  exposed 
areas  and  also  in  the  extent  of  area  which  may  be  safely  exposed 
before  timbering  is  placed.     All  methods  agree  in  excavating  one 

or    more  headincrs    in    advance  of  the  full  sectional  excavation. 

o 
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These  headings  are  sometimes  made  at  the  top,  sometimes  at  the 
bottom  and  sometimes  at  the  two  lower  corners.  One  good  effect 
of  such  headings  is  to  drain  the  soil  in  advance  of  the  main  exca- 
vation and  thus  facilitate  the  sub- 
sequent work.  These  headings 
are  then  enlarged  until  at  last  the 
full  sectional  area,  including  that 
required  for  the  lining,  is  ob- 
tained. The  construction  of  the 
lining  follows  closely,  so  that  in 
a  stretch  of  perhaps  less  than  80 
feet  may  be  seen  all  stages  of  the 
work,  from  the  initial  heading  to 
the  finished  tunnel  completely 
lined. 

82.     riethods.     The  limita- 
tions  of  this  paper  will  not  permit 
a  complete  discussion  and  descrip- 
tion of  the  various  methods  which 
Some  illustrations  are  shown  to  give  the 


are  used  in  this  work 
student  such  a  grasp  of  the  gen- 
eral principles  involved  that  a 
generous  application  of  comiiion 
sense  may  enable  him  to  accom- 
plish some  of  the  plainer  and 
simpler  problems.  The  timber- 
ing must  be  so  designed  and 
placed  that  there  will  be  little 
or  no  tendency  for  the  pieces  to 
slip  on  each  other  and  that  any 
added  pressure  will  only  bind 
the  framing  still  tighter  to- 
gether. The  timbering  should 
never  fail  except  by  absolute 
crushing,  and  its  cross-section 
should  be  made  such  that  it  may 
M-itlistand  any  probable  pressure, 
tions  will  illustrate  this. 


FiK.  51. 
An    inspection  of  the  illustra- 
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Much  of  the  difficulty  of  tunnel  work  arises  from  the  limited 
space  in  which  the  work  must  be  done.  A  well -devised  system  of 
removing  excavated  material  as  rapidly  as  it  is  loosened  and  of 
handling  the  materials  for  the 
lining  and  placing  them  in  posi- 
tion is  therefore  an 'absolute 
necessity.  The  use  of  small  cars 
on  rails  is  usually  advisable. 
AYith  a  tunnel  of  any  consider- 
able length,  artificial  ventila- 
tion during  construction  is  nec- 
essary, especially  if  blasting  is 
required.  As  before  mentioned, 
compressed  air  may  be  used  to 
operate  the  drills  for  blasting 
and  this  may  supply  the  need. 
But  where  no  blasting  is  re- 
quired, and  sometimes  even 
when  compressed  air  is  used, 

ventilation  by  fans  is  necessary.  The  fans  and  engines  for  oper- 
ating them  are  of  course  placed 
outside  the  tunnel  and  the 
fresh  air  is  discharged  from 
a  pipe  where  desired. 

TRESTLES. 

A  trestle  consists  of  two 
essential  parts,  the  sub-struc- 
ture framework  and  the  floor 
system .  Since  the  floor  system 
is  essentially  independent  of 
the  sub-structure,  it  will  be 
separately  described.  There 
are  two  systems  of  building 
the  sub-structure,  by  piling 
and  by  timber  frames. 
83.  Pile  Trestles.  These  are  limited  in  height  to  the  length 
of    a  single  pile  which  may  safely  be  used.     The  length  of  pile 


Fig.  53. 


Fig.  54. 
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reqniivd  must  include  the  necessary  depth  to  which  they  must  be 
driven.  On  this  account  30  feet  above  the  ground  is  about  the 
limit  of  height  of  a  pile  trestle.  AVith  exceptionally  long  piles 
higher  pile  trestles  might  be  built,  but  framed  bents  would  be 
preferable.  Usually  four  ])iles  are  considered  sufficient  for  single 
track,  although  more  are  sometimes  used.  The  inner  piles  are 
always  made  vertical  but  the  outer  piles  are  sometimes  battered  so 
as  to  give  the  trestle  a  greater  resistance  against  a  lateral  thrust. 


4^,:  --?■■■ 

4'-^  Stage.      j      3"^  Stage. 


Fijr.  55. 


For  a  high  trestle  (greater  than  10  feet)  this  thrust  is  best  taken 
up  by  sway  bracing.  The  piles  are  surmounted  by  a  cap  which  is 
generally  10  X  12  in.,  or  perhaps  12  X  12  in.  A  still  better  form 
of  cap  is  the  *•  split  cap,"  which  consists  of  two  pieces  bolted  to- 
gether as  shown  in  the  detail  of  Fig.  OQ.  Other  methods  of  join- 
ing  the  cap  to  the  piles  are  illustrated  herewith.  The  construction 
using  drift  bolts  is  perhaps  the  cheapest  and  most  quickly  erected, 
but  it  has  the  disadvantage  that  repairs  are  difficult,  and  if  the  tres- 
tle is  merely  temporary  it  is  almost  impossible  to  remove  it  without 
ruinincr  the  timber  for  future  use.     The  mortise  and  tenon  joint 
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is  perhaps  the  most  common  for  good  practice.  The  piles  should 
be  not  less  than  14  in.  in  diameter  at  the  butt  and  7  in.  at  the  top, 
exclusive  of  bark,  which  should  be  removed  before  driving.  The 
soft  durable  woods  such  as  cedar,  cypress,  pine  and  redwood  are 
best  for  piles  that  are  not  driven  in  a  stream  where  they  may  be 
subject  to  the  blows  of  floating  ice.  The  oaks  are  stronger  but 
are  less  durable  in  the  ground.  The  caps  are  preferably  made  of 
hard  wood  such  as  oak  or  yellow  pine.     They  should  be  about  14: 
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btuge. 
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Fig.  56. 


ft.  long  for  single  track.    The  sway  braces  are  generally  3  X  12  in. 
and  are  usually  spiked  with  f -in.  spikes  8  in.  long. 

84.  Pile  Driving.  Piles  are  usually  driven  by  means  of  a 
hammer  weighing  2,000  to  3,000  pounds,  which  is  raised  betw^een 
guides  to  a  height  of  perhaps  25  feet  and  allowed  to  drop  onto  the 
head  of  the  pile  w^hich  is  suitably  set  between  the  guides.  A  very 
cheap  way  is  to  raise  the  hammer  by  horse  power,  and  then  loosen 
a  clutch  which  allows  the  hammer  to  fall  freely.  A  still  better 
way  is  to  use  a  portable  engine  which  winds  the  hoisting  rope 
around  a  drum.     Sometimes  the  falling  hammer  is  required  to 


167 


RAILROAD  ENGINEERING 


draw  the  rope  and  unwind  the  drum  as  it  falls.  On  the  one  hand 
this  obviates  the  use  of  a  clutch  and  even  permits  more  rapid  blows, 
but  on  the  other  hand  the  force  of  each  blow  is  very  materially 

weakened  and  the  method  may  be  used 
by  a  dishonest  contractor  to  falsely  in- 
dicate a  high  resisting  power  of  the  pile. 
Excessive  driving  has  been  known  to 
fracture  a  pile  underground  and  render 
it  almost  useless.  The  action  of  the 
hammer  splinters  the  top  of  the  pile, 
causing  it  to  ''broom."  This  action 
very  greatly  reduces  the  effectiveness  of 
the  driving.  This  is  largely  prevented 
by  chamfering  off  the  top  of  the  pile 
and  driving  on  a  wr ought-iron  ring, 
which  has  a  section  of  about  ^  X  2  in. 
and  of  a  suitable  diameter.  The  fre- 
quent  removal  of  all  crushed  wood  from 
the  head  of  the  pile  by  means  of  an  adze 
is  amply  justifiable  in  spite  of  the  delay 
caused.  Piles  should  be  driven  until 
their  resistance  as  indicated  by  the  pen- 
etration for  a  single  blow  is  as  great  as  is  required.  The  most  com- 
monly used  formula  is  that  known  as  the  "Engineering  News" 
formula,  which  when  used  for  ordinary  hammer  driving  is  as  follows : 

2  wh 

K  =.  — .  (52) 


Fig.  67. 


6'+l 


W  1N      w 

Fig.  59. 


In  this  formula  11  is  the  safe  load  on  the  pile,  w  is  the  weight  of 
the  hammer,  both  in  pounds,  A  is  the  height  of  the  fall  mfect,  and 


IW 
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s  is  the  penetration  in  inches  of  the  pile  diiring  the  last  blow. 
Sometimes  the  average  penetration  dnring  the  last  live  blows  will 
give  a  more  reliable  vahie. 

Example  1.  A  pile  was  driven  with  a  2j500-lb.  hammer 
nntil  the  total  penetration  dnring  the  last  live  blows  was  13  inches. 
During  those  blows  the  hammer  dropped  23  feet.  How  much  is 
the  safe  load  ? 


2  wh  __  2  X  2,500  X  23 

7=ri~"  (1 X  i3j  + 1 


115,000 

— oj.—  =  ol/J4-fc  poundi 


Example  2,  It  is  required  to  drive  piles  with  the  above  ham- 
mer until  the  indicated  resistance  is  25,000  lb.  AVhat  should  be 
the  average  penetration  during  the  last  five  blows,  the  fall  being 
then  22  feet  ? 


J5,000 


s  = 


*'  -f  1  ~ 
110,000 
25,000 


2  X  2,500  X  22       110,000 
s  -^  1  ~"  V+X 

-  1  =:  3.4:  inches. 


Another  form  of  pile  driver  is  that  known  as  the  "steam  pile 
driver."  This  consists  essentially 
of  a  hammer  which  is  directly  at- 
tached to  a  piston  in  a  steam  cylin- 
der. The  hammer,  weighing  about 
5,500  pounds,  is  raised  the  height 
of  the  cylinder,  which  is  about  40 
inches,  and  then  falls  freely.  Al- 
though the  fall  is  so  much  less  the 
blows  are  very  rapid— about  75  to 
SO  per  minute.    The  practical  effect  Fig.  GO. 

of  this  is  that  the  soil  does  not  have 

time  to  settle  between  the  blows  and  the  penetration  is  more  easily 
accomplished,  while  the  ultimate  resistance  is  as  great  as  before. 
On  this  account  the  constant  "  1 "  in  the  denominator  in  equation 
52  is  changed  to  0.1  and  the  formula  then  becomes 


nTnfJpTJTTTr, 


IfTTTTTfjWTTTTTmri 
Is!  ^w  U 


R 


2  7/V/ 


(53) 
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FRAMED  TRESTLES. 

85.  General  Form.  Although  there  are  iiiultitudi nous  vari- 
ations in  tlie  details  of  construction,  a  very  large  proportion  of 
framed  trestles  are  constructed  substantially  in  accordance  with 

the  typical  design  shown  in 
Fig.  61.  The  outer  posts  are 
generally  battered  about  1:6; 
the  cap  and  sill  are  mortised 
to  the  posts,  although  split 
sills  and  caps  can  be  used  ad- 
vantageously. The  sway  brac- 
ing should  be  bolted  on.  Al- 
though the  mortise  and  tenon 
joint  are  most  commonly 
used,  there  are  many  other  de- 
signs. The  '' plaster  joint" 
is  one  of  the  most  common.  This  consists  of  two  pieces  of  3-in. 
plank  which  are  placed  on  each  side  of  the  joint  as  in  Fig.  62,  and 
are  bolted  through  and  through.  This  form  has  the  merits  of 
cheapness  and  facility  for  taking  out  and  renewing  any  decayed  or 
injured  piece.  Iron  plates  are  sometimes  used  in  a  similar  manner. 
Dowels  and  drift  bolts  are  also  used,  but  as  mentioned  before 
have  many  objections. 

86.  Multiple  Story   Construction. 
trestle  should  not  be  made  over 


Fiff.  61. 


A   single-story   framed 


mm 


m 


> 


25  or  30  feet  high.  Additional 
height  is  obtained  by  dividing  the 
heicrht  into  two  or  more  stories. 
Then  since  all  the  upper  stories 
must  be  of  uniform  height  the 
odd  amount  must  go  to  the  lower 
story,  as  is  illustrated  in  Figs. 
63  and  64.  Some  plans  have 
these  stories  absolutely  independent  of  each  other.  This  simplifies 
the  construction  and  makes  repairs  easy,  but  the  trestle  will  be 
lacking  in  stiffness.  These  illustrations  should  be  studied  with 
special  reference  to  the  design  of  the  lateral  bracing  of  the  indi- 
vidual bents  and  also  the  longitudinal  bracing  of  the  trestle  as 
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el 


a  whole.  Kote  that  the  lateral  bracing  always  runs  to  some  point 
where  two  or  more  pieces  intersect,  and  when  possible  it  is  so 
designed  that  even  the  intermediate  points  are  a  common  point  for 
several  pieces.  A  thorough  bolting  at  these  points  greatly  stiffens 
the  structure.  The  span  between  the  bents 
varies  from  10  feet  to  18  feet.  For  high 
trestles  economy  requires  that  the  number 
of  bents  shall  be  reduced  as  much  as  possible, 
which  means  that  the  spans  should  be  in- 
creased. But  this  increases  the  requirements 
for  the  floor  system,  and  also  the  load  to  be 
carried  by  each  bent.     18  feet  is  about  the 

safe  limit  for  railroad  rollincr  stock  on  un- 

o 

trussed  wooden  floor  beams. 

87.  Foundations.  Trestles  are  fre- 
quently to  be  classed  as  '•  temporary"  struc- 
tures. Such  will  justify  the  use  of  a  founda- 
tion of  a  more  temporary  character  than 
could  be  tolerated  for  permanent  work. 
When  time  is  important  and  the  ground 
soft,  piles  are  sometimes  driven  and  sawed 
off  a  little  above  the  ground.     They  are  so 

placed  that  a  pile  comes  as  nearly  as  possible  under  each  post  of 
the  trestle.  Of  course  such  foundations  must  be  considered  as 
very  temporary  in  character,  as  they  will  speedily  decay  to  such  an 
extent  as  to  render  them  unsafe.  Locust  or  chestnut  are  prefer- 
able for  this  purpose. 
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Another  form  which  is  even  easier  to  construct,  but  which  is, 
if  possible,  still  more  subject  to  decay,  is  the  "  mud-sill "  founda- 
tion. The  sill  of  the  trestle  is  set  on  a  number  of  timbers  placed 
transverse  to  the  sill,  the  timbers  being  about  12  X  12  in.  X  6  ft. 
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If  the  ground  is  very  soft  even  these  timbers  may  be  set  on  two  or 
more  long  timbers,  laid  parallel  to  the  sill,  as  shown  by  the  dotted 
lines  in  Fig.  66. 

When  the  trestle  is  intended  as  a  permanent  structure,  and 
especially  w^hen  it  is  intended  to  ultimately  replace  it  with  a  steel 

viaduct,  a  stone  foundation 
may  be  used.  If  built  of 
rough  rubble  the  wall  should 
be  about  4  feet  thick.  If 
the  masonry  was  of  a  better 
class  the  wall  need  not  be  so 
thick,  but  the  cost  would  be 
about  the  same.  Usually  a 
single  continuous  wall  would 
be  built,  but  if  the  trestle  is  very  high. the  usual  batter  adopted  for 
the  side  posts  w^ill  make  the  sill  very  long.  With  some  designs  of 
trestles,  depending,  however,  on  the  plan  of  the  posts,  it  is  per- 
missible to  save  some  masonry  by  omitting  portions  of  the, wall 
between  the  center  and  the  ends. 

88.  Abutments.  At  each  end  of  a  trestle  the  natural  sur- 
face usually  approaches  the  grade  line  by  a  slope.  If  stone  founda- 
tions were  built  for  the  bents,  then 
stone  abutments  w^ould  be  built 
which  would  act  as  a  retaining  wall 
for  the  last  few^  feet  of  rise  and 
which  would  support  the  last  string- 
ers. When  piles  are  used  an  abut- 
ment such  as  indicated  in  Fig.  67 
is  used.  When  no  piling  is  used, 
an  abutment  may  be  made  in  the 
form  of  crib  work.  Sometimes  one 
end  of  the  last  line  of  stringers  is 
merely  buried  in  the  earth  or  is 
supported  on  a  "mud  sill."  Of  course,  all  of  these  latter  methods 
should  be  considered  as  temporary.  The  danger  in  them  lies  in 
the  chance  of  these  places  being  neglected  and  the  decay  unnoticed 
until  the  decayed  timber  suddenly  gives  way  and  a  costly  accident 
is  the  result. 
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TRESTLE  FLOOR  SYSTEHS. 

89.  Stringers.  The  desitrn  of  stringers  de{)en(ls  somewhat 
on  the  cost  and  practicability  of  obtaining  timbers  of  the  length 
and  thickness  that  theory  would  call  for  as  the  most  economical 
size.  Sound  timber  of  the  required  length,  and  more  than  10  or 
17  inches  in  thickness,  is  scarce  and  correspondingly  costly.  The 
required  transverse  strength  for  stringers  is,  therefore,  obtained  by 
taking  as  large  pieces  as  may  be  readily  obtained,  setting  them  on 
edge  or  with  the  largest  cross-sectional  dimension  vertical,  and 
then  bolting  two  or  more  of  them  together  side  by  side.  Two 
timbers,  each  8  X  16  in.,  bolted  together  side  by  side  with  the  10 
in.  dimension  vertical,  are  practically  as  strong  as  a  10  X  10  in. 
timber,  and  are  very  much 


easier  to  obtain  in  a  sound 
condition.  These  string- 
ers should  preferably  ex- 
tend over  two  spans,  the 
lines  ''breaking  joints." 
This  requires  pieces  from 
20  to  32  ft.  in  length.  The 
pieces  of  each  line  should 
be  separated  by  "  separat- 
ors," which  are  sometimes 
cast-iron  spools,  1  or  2  in. 

long,  which  are  strung  on  the  bolts,  or  are  sometimes  made  of  pieces 
of  plank  about  0  feet  long.  Bolts  are  run  through  the  stringers  and 
separators.  The  plank  separators  thus  serve  to  tie  the  consecutive 
stringers  together.  The  chief  object  of  the  separators  is  to  permit 
air  to  circulate  freely  around  the  timbers.  Placing  the  rough 
sawed  timbers  side  by  side  would  allow  water  to  soak  in  and  be 
retained,  so  that  decay  would  be  very  rapid.  The  design  of 
strincrers  is  susceptible  of  exact '  calculation  for  the  transverse 
strength  required,  but  as  this  is  a  direct  application  of  the  subject 
of  "  Strength  of  Materials,"  the  method  of  design  will  not  be 
elaborated  here,  except  to  call  attention  to  the  fact  that  the 
stringers  must  be  designed  to  withstand  not  only  transverse 
strains,  but  also  shearing  and  crushing  across  the  grain  where  the 
stringer  rests  on  the  cap.     A  very  high  and  narrow  stringer  might 
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luivo  siifHcieiit  transverse  strength,  ])ut  might  be  so  narrow  that  it 
would  fail  by  shearing  along  the  neutral  axis.  The  same  stringer 
might  also  have  such  a  small  area  where  it  rests  on  the  cap  that 
the  safe  limit  of  crushing  across  the  grain  might  be  exceeded. 
The  safe  values  to  be  used  with  various  kinds  of  wood  for  these 
various  stresses  may  be  found  in  many  handbooks.  The  following 
dimensions  have  the  approval  of  very  extensive  practice: 


Clear  span. 

Number  of  pieces 
under  each  rail. 

Width. 

Depth. 

10  feet. 
12    " 
U    " 
16    " 

2 
2 
2 
3 

8  inches. 

8      " 
10       " 

8       " 

15  inches. 

16  " 

17  " 
17       " 

90.  Corbels.  A  corbel  in  a  trestle  is  the  name  applied  to  a 
timber  placed  on  the  cap  of  the  trestle  bent  and  on  which  the 
stringers   rest.     The   argument  in   favor  of  their  use  seems  to  be 
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Fig.  68. 

that  they  greatly  increase  the  area  of  pressure  on  the  seat  of  the 
stringer.  They  can  also  be  utilized  to  bind  together  two  abutting 
stringers.  But  although  the  crushing  of  the  end  of  the  stringer 
may  be  prevented,  the  area  of  contact  between  the  corbel  and  the 
cap  must  be  considered,  to  determine  whether  crushing  might 
occur  there.  There  is  great  diversity  of  opinion  regarding  their 
use.     Many  standard  designs  do  not  use  them. 

91.  Guard  Rails.  These  are  timbers  varying  in  size  from 
5  X  8  in.  to  S  X  8  in.  which  are  placed  near  the  ends  of  the  ties. 
They  are  usually  notched  about  1  inch  at  each  tie  so  that  they 
really  form  tie  SjjHcers  and  thus  prevent  the  ties  from  becoming 
di8j)laced  if  a  car  becomes  derailed  on  the  trestle.     They  should 
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be  bolted  to  the  ties  at  every  third  or  fourth  tie.  There  are  vari- 
ous methods  of  jointing  the  ends  of  abutting  pieces.  The  method 
shown  in  the  figure  is  perhaps  as  good  as  any. 

The  name  guard  rail  is  also  applied  to  the  inner  guards  which 
are  placed  about  10  in.  inside  of  each  rail.  These  are  usually  the 
ordinary  T-rails  used  for  traction.  These  rails  are  relied  on  to 
keep  the  cars  on  the  trestle  if  they  should  become  derailed.  If  a 
car  should  become  so  displaced  that  the  wheel  reached  the  outer 
wooden  guard  rail,  it  would  probably  catch  on  it,  slew  around  and 
jump  over.  Therefore  the  sole  function  of  the  outer  wooden 
guard  rail  is  to  keep  the  ties  spaced  and  in  place. 


OOTEH   UUARO  RAIU 
INNER   CUARO  RAic- 


Fig.  69. 

92.  Trestle  Ties.  Trestle  ties  are  always  made  of  sawed 
timber.  They  are  longer  than  ordinary  ties — usually  9  to  12  feet. 
The  depth  is  frequently  much  greater,  with  the  apparent  idea  that 
they  may  act  as  a  flooring  that  will  support  the  rolling  stock  if  it 
should  become  derailed.  For  a  similar  reason  the  spacing  is  made 
very  much  closer— generally  equal  to  or  less  than  the  width  of 
the  ties.  Sometimes  even  the  ties  are  notched  on  the  underside 
where  they  rest  on  the  stringers.  Some  plans  have  a  stringer  run 
under  each  guard  rail.  Then  bolts  will  be  run  through  the 
stringer,  tie  and  guard  rail  at  every  third  or  fourth  tie.  If  the 
ties  have  been  notched  down  on  the  stringers  and  the  guard  rail  is 
notched  down  on  the  ties,  then  these  bolts  will  tie  the  whole  sys- 
tem immovably  totrether. 
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93.  Super-Elevation  of  the  Outer  Rail  on  Curves.  Locat- 
ing a  curve  where^  trestle  is  also  necessary,  is  in  general  very 
objectionable,  but  it  is  sometimes  unavoidable.  The  objection 
lies  not  only  in  the  fact  that  a  very  considerable  force  is  required 
to  guide  the  train  in  its  circular  path,  but  the  force  is  variable,  de- 
pending on  the  variable  speed,  and  there  are  apt  to  be  oscillations 
of  unknown  force  which  will  still  further  rack  the  trestle.  Nev- 
ertheless these  forces  must  be  provided  for  as  closely  as  possible. 
If  all  trains  moved  along  the  trestle  at  precisely  the  same  speed, 
the  problem  would  be  comparatively  simple.  The  whole  floor 
system  could  be  designed  to  resist  the  thrust  due  to  the  forces  devel- 
oped at  that  speed.  But  since  the  speed  may  vary  down  to  zero, 
and  the  train  start  from  rest  while  on  the  trestle,  which  of  itself 
will  introduce  new  strains,  the  construction  which  is  best  for  the 

highest  speed  is  not  the 
bestw^hen  the  train  is  stand- 
ing on  the  trestle,  or  when 
it  is  starting,  and  vice 
cema.  A  few"  of  the  many 
designs  which  have  been 
used  will  be  illustrated,  to- 
gether with  a  brief  com- 
ment on  the  advantages  and 
disadvantages  of  each  de- 
sign. The  required  super- 
elevation of  the  outer  rail 
and  the  method  of  com- 
puting it  will  be  discussed 
in  the  chapter  on  track 
work  and  track  laying. 

{ct)  Incl i n i n g  floo r 
i<t/Ht<mh  and  cajyj  sill  hori- 
zontal; outer 2>ost>s  loiujcr.  The  construction  of  the  trestle  bents 
is  more  complicated,  but  that  of  the  floor  system  Is  simplified. 
Since  the  stringers  do  not  stand  vertically  there  is  a  tendency  for 
them  to  twist  when  the  train  is  stationary. 

{V)  Plaeiiifj  'inedijes  'under  the  ties  at  each  tie.  Two  or 
more  wedges  are  required  for  each  tie.     Each  wedge  is  bolted  by 
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two  bolts.  The  number  of  pieces  is  very  great,  but  there  is  the 
advantacre  that  the  ties  are  not  notched  or  weakened  in  any  way. 
If  for  any  reason  a  different  super-elevation  is  desired  the  wedges 
are  all  that  need  be  changed. 

(c)     Placing  a  wedge  under  the  outer  rail  at  each  tie. 
is  similar  to  the  last  raeth- 


This 


od,  but  requires  fewer 
pieces.  If  the  super-ele- 
vation is  slight,  either 
very  long  spikes  must  be 
used  or  lag  screws  may 
be  used  which  will  run 
through  the  w^edges  into 
the  ties.  For  a  greater 
super-elevation  the  wedge 
must  be  fastened,  as  shown 
in  the  illustration. 

{d)  Corbels  of  vary- 
ing height.  The  whole 
floor  system  is  tipped  as 
in  Hj^  but  the  trestle  bent 


ti 


m 


'  I 

/  t 

/! 
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Fig.  70c 


CAP 


is  as  usual,  with 


cap 


and 


sill  horizontal.     In  all  such  cases,  where  the  axis  of  the  post  is 
vertical,  the  lateral  bracing  of  the   bent  should   be    made   extra 

heavy.  It  should  be  especially 
noted  whether  the  center  of  pres- 
sure under  extreme  conditions 
reaches  the  sill  too  near  the 
outer  end  of  the  sill. 

{e)  Tippmg  the  vjhole  hent 
on  its  foundation.  The  ad- 
vantages and  disadvantages  of 
the  method  under  some  condi- 
tions are  obvious. 

(y)  Notching  the  cap.  The 
method  is  mentioned  on  ac- 
count of  its  frequent  use,  but  the  disadvantages  are  very  great. 
The  cap  is  weakened  by  the  notching.     Either  the  stringer  or  the 
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tie  must  be  notched  at  each  tie.  Usually  the  tie  would  be  hope- 
lessly weakened  if  it  were  notched  sufficiently,  and,  therefore,  the 
stringers  must  be  notched.  The  method  is  costly  in  construction 
and  objectionable  when  made.  The  above  methods  are  types  of  a 
great  variety  of  plans  of  construction  which  have  been  suggested 
and  tried. 

94.  Protection  Against  Fire.  One  of  the  strongest  objec- 
tions against  the  use  of  trestles  is  the  danger  from  fire.  Sparks 
from  the  locomotive  or  wayside  fires  kindled  by  tramps  and  others 
may  destroy  them,  or,  what  is  still  more  dangerous,  may  slowly 
eat  into  the  timbers  until  they  are  weakened  beyond  the  danger 
line,  and  yet,  because  the  effect  of  the  fire  is  not  apparent  to  a 
careless  inspection,  it  may  result  in  an  appalling  accident.     The 

danger  from  falling  coals  from  the  lo- 
t'  comotive  firebox  is  largely  obviated  by 

1/  constructing  a  solid  floor  or  trough  on 

gTg — .^^      the  stringers,    the   trough    being   filled 


with  ballast  and  the  ties  set  in  the  bal- 

CAP  i'  ""'"  '  I 

■   last  as  usual.       Another  method  is   to 


/  /  /  1  \      cover  the  stringers  and  caps  with  sheet 

M  '1  iJ      metal.      A    very  long  trestle   generally 

I    I  deserves   the   protection   of    a    special 

,^.      ^^.  watchman  or  track  walker.     Means  for 

Pig.  70/. 

fighting  a  fire  when  discovered  are  pro- 
vided by  reservoirs  of  water,  made  perhaps  from  halves  of  oil 
barrels,  which  are  placed  on  the  trestle  at  intervals  of  300  feet. 
Three  or  four  ties  are  made  about  4  feet  longer  than  the  usual 
length.  These  form  the  floor  of  a  platform,  which,  when  provided 
with  a  railing,  forms  not  only  a  place  for  the  barrel,  but  also  a 
refuge  bay  for  the  track  walker,  who  may  be  on  the  trestle  when  a 
train  is  passing. 

95.  Choice  of  Timber.  When  a  railroad  is  being  run 
through  a  virgin  country  where  timber  is  plentiful  and  there  is 
frequent  occasion  for  trestles,  it  pays  to  take  a  portable  Sawmill 
to  the  spot  and  saw  the  timber  as  recpiired.  Under  such  condi- 
tions any  one  of  the  various  kinds  of  timber  which  are  ever  used 
for  building  purposes  will  answer.  If  necessary,  the  cross-sec- 
tions can  be  increased  to  correspond  with  the  reduced  strength  of 
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a  weaker  wood.  I^ut  when  tlie  wood  must  he  transported  a  con- 
siderable distance  and  it  is  practicable  to  choose  among  various 
kinds  of  wood,  the  selection  should  be  made  according  to  favorable 
qualities.  Ties  and  guard  rails  should,  if  possible,  be  of  oak. 
Stringers  should  be  made  of -oak  or  pine.  Since  one  of  the  chief 
uses  of  corbels  is  to  relieve  a  dangerous  pressure  across  the  grain 
they  should  be  made  of  the  hardest  wood  obtainable,  such  as  oak, 
hickory  or  ash.  The  bents  of  a  framed  trestle  may  be  made  of 
almost  anything,  but  oak,  pine  or  fir  are  preferable  when  obtain- 
able. If  the  sills  are  liable  to  become  buried  somewhat  in  the 
ground  so  that  rain  will  not  readily  be  shed,  then  some  wood  like 
cedar,  which  is  very  long-lived  under  ground,  might  be  preferable, 
but  the  strength  as  posts  will  be  somewhat  less  than  that  of  oak. 
The  chemical  treatment  of  timber  for  trestles  is  seldom  used,  except 
for  trestles  which  are  partly  immersed  in  water  where  the  teredo 
navalis  is  found.  Trestles  are  usually  considered  to  be  so  cheap 
and  temporary  that  conditions  which  would  justify  the  additional 
expense  of  chemical  treatment  would  also  justify  the  immediate 
construction  of  a  permanent  structure  of  steel  or  stone. 

On  the  accompanying  folding  plate  is  shown  the  standard 
plans  for  a  framed  trestle  as  adopted  by  the  Great  Northern  Kail- 
road.  Many  of  the  details  shown  will  verify  those  already  men- 
tioned, while  in  other  cases  the  variations  in  detail  represent  prac- 
tice equally  good.  The  plate  is  well  worthy  of  a  long  and  close 
study. 

CULVERTS. 

96.  Pipe  Culverts,  The  scarcity  of  stone  suitable  for  mak- 
ing a  ''  box"  or  ''arch"  culvert  has  led  to  the  adoption  for  many 
localities  of  pipe  culverts,  the  pipes  being  made  of  tile  or  iron. 
Pipes  have  several  very  great  advantages.  Their  form  is  hydraul- 
ically  better  than  any  rectangular  form  and  the  surface  is  usually 
very  much  better  than  an  ordinary  masonry  culvert.  Therefore 
they  will  discharge  a  far  greater  volume  of  water  than  a  box  cul- 
vert of  equal  area.  They  are  very  easily  placed  without  skilled 
labor.  Sometimes  they  are  set  inside  of  a  wooden  box  culvert 
temporarily  j)laced  during  the  construction  of  the  road.  When 
one  pipe  of  the  size  which  it  is  desired  to  use  has  insufficient  area 
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two  or  more  pipes  may  be  used  side  by  side.  This  feature  is  of 
special  value  when  the  head  room  between  tlie  bed  of  the  stream 
and  the  grade  line  is  limited.  Iron  pipe  usually  has  such  inherent 
strength  that  there  is  little  need  for  special  care  in  securing  a 
foundation  for  the  pipe.  A  little  block  of  concrete  at  each  joint 
is  suthcient  for  ordinary  cases,  but  tile  pipe  requires  a  secure 
foundation. 

The  danger  to  the  pipe  does  not  lie  so  much  in  the  mere 
static  ])ressure  of  the  earthwork  embankinent  above  It  as  in  the 
effect  of  settlement  of  a  ^'green"  embankment.      If  the  pipe  is 
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Fig.  72.     Pipe  Culvert. 

laid  on  the  natural  soil,  which  might  be  tolerated  if  it  is  vei;y  firm, 
a  bed  should  be  carefully  scooped  out  so  as  to  fit  the  pipe  as  closely 
as  possible.  A  better  plan  is  to  place  a  thick  layer  of  broken 
stone  or  brickbats  and  ram  them  to  the  proper  form  as  a  bed  for 
the  pij)e.  A  still  better  plan  is  to  place  a  layer  of  concrete  under 
the  whole  length  of  the  pipe.  The  required  slope  of  the  pipe 
dej)eud8  somewhat  on  the  accuracy  of  the  laying  and  on  the  per- 
manency of  the  work.  A  slope  of  1  per  cent  is  ample,  provided 
the  grade  be  made  and  maintained  uniform,  but  the  effect  of  set- 
tlement may  be  to  change  such  a  grade  to  a  negative  grade,  which 
nould  prevent  the  water  from  being  carried  off.  Some  standard 
plans  therefore  recjuire  a  grade  as  steep  as  1  in  20.     At  each  end 
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of  the  pi}^  there  should  be  a  substantial  head  nvall  of  masonry. 
Some  standard  plans  make  this  wall  very  large  and  heavy  with 
elaborate  wing  walls.  These  are  justifiable  on  the  grounds  of  pre- 
venting the  water  at  the  upper  end  from  scouring  around  the  ends 
of  the  head  wall  or  of  preventing  the  outflowing  water  from 
scouring  away  the  bed  of  the  stream  and  thus  undermining  the 
lower  head  wall. 

An  iron  pipe  can  be  used  if  necessary  very  close  to  the  ties, 
but  a  tile  pipe  should  have  a  cushion  of  at  least  three  feet  betw^een 
the  tile  and  the  ties.  The  joints  in  the  pipe  should  always  be 
caulked.  Clay  puddle  is  much  used  for  this  purpose  and  when  it 
is  of  good  quality  and  the  work  well  done,  the  results  are  satis- 
factory, but  if  clay  puddle  cannot  be  obtained  it  is  better  to  use 
hydraulic  cement.  The  cost  of  the  cement  is  an  insignificant  item 
considering  the  value  of  the  result. 


Fig.  78.        Old  Rail  Culverts. 


Fig.  74. 


97.  Old-Rail  Culverts.  These  have  an  especial  value  when 
the  head  room  between  the  bed  of  the  stream  and  the  rails  is 
small,  and  when  it  is  also  necessary  to  provide  for  a  considerable 
flow  of  water.  The  old  rails,  even  when  worn  out  as  rails,  still 
have  a  considerable  strength  as  girders  and  a  continuous  layer  of 
them  is  amply  strong  enough  to  carry  the  roadbed  and  the  traffic 
over  a  six-foot  opening.  The  rails  may  be  bound  together  by 
means  of  tie  rods  run  through  the  webs  of  the  rails,  but  they  may 
also  be  confined  by  stones  at  each  end  of  the  seat  course  on  each 
abutment. 

Another  advantage  of  this  form  of  opening,  over  the  com- 
mon plan  of  supporting  the  ties  on  stringers  or  steel  girders,  is 
that  in  this  plan  the  ballasted  roadbed  is  continuous.  This  is  a 
great  advantage  both  from  the  standpoint  of  smooth  riding  and  of 
safety. 
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98.  Cattle  Passes.  When  an  embankment  crosses  a  farm, 
cutting  it  in  two,  it  becomes  necessary  for  the  road  to  provide  a 
passage  way  through  the  embankment  for  the  use  of  cattle  and 
farm  wagons.  The  cost  of  such  a  structure  is  compensated  by  the 
relief  of  the  company  from  damages  due  to  the  cattle  crossing  the 
coad  at  grade.  These  openings  are  sometimes  built  as  large  stone 
arch  culverts  or  as  old-rail  culverts,  especially  if  there  is  liable  to 
be  a  storm-water  flow  through  them.  Another  method  is  to  set 
two  trestle  bents  at  the  requisite  distance  apart;  3-inch  planks  are 
set  behind  the  bents  to  hold  the  earthwork  embankment;  the 
stringers  are  notched  down  so  as  to  take  up  the  thrust  of  the 
embankment.  This  method  naturally  applies  to  embankments 
which  are  from  about  8  to  15  feet  in  height.  The  disadvantage 
incident  to  all  wooden  structures  set  in  earth  also  applies  here. 
There  is  also  the  disadvantage  of  a  break  in  the  continuity  of  the 
ballasted  roadbed,  as  well  as  the  danger  due  to  an  accident  from 
fire  destroying  or  weakening  the  structure.  When  the  head  room 
is  limited,  a  tirst-class  permanent  construction  can  best  be  obtained 
by  the  *'old-rail"  method  or  something  similar. 
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PART   II. 


MISCELLANEOUS   STRUCTURES. 

99,  Water  Supply.  The  railroads  of  the  country  spend 
over  $6,000,000  per  year  in  supplying  water  to  their  locomotives. 
Part  of  this  expense  is  due  to  the  fact  that  a  bad  quality  of  water 
is  so  injurious  to  a  locomotive  boiler  (as  well  as  rendering  it  diffi- 
cult ifor  the  boiler  to  steam  properly)  that  the  added  expense  of 
procuring  a  suitable  supply  of  naturally  pure  water  or  of  purify- 
ing an  impure  supply  is  amply  justified.  A  natural  water  supply 
is  always  more  or  less  charged  with  calcium  and  magnesium  car- 
bonates and  sulphates  in  addition  to  impurities  of  almost  any 
nature  which  come  in  as  the  refuse  from  factories,  etc.  Some  of 
these  impurities  are  comparatively  harmless,  especially  if  the 
quantity  is  not  large.  But  the  evaporation  of  the  water  precipi- 
tates the  calcium  and  magnesium,  which  form  deposits  on  the 
surface  of  the  boiler. 

These  deposits  are  injurious  in  two  ways.  In  the  first  place 
the  transfer  of  heat  from  the  fire  to  the  water  is  less  free  and 
there  is  thus  a  waste  of  energy,  and  in  the  next  place  the  metal 
becomes  overheated  and  perhaps  "burned."  The  safety  of  the 
metal  of  a  boiler  depends  on  the  free  transfer  of  the  intense  heat 
of  the  tire  to  the  comparatively  low  heat  of  the  water  or  steam. 
The  prevention  of  these  deposits  may  be  accomplished  in  one  (or 
both)  of  two  ways;  the  frequent  cleaning  of  the  boilers  through 
the  manholes  and  handholes  provided  for  the  purpose,  and  by  the 
more  or  less  perfect  purification  of  the  water  before  it  enters  the 
boiler. 

The  location  of  the  water  stations  must  be  at  such  places  and 
intervals  as  the  service  demands.  There  must  always  be  a  supply 
at  the  extremities  of  each  division  and  usually  at  intervals  of  15 
to  20  miles  between.  Of  course  these  intervals  are  varied  accord- 
ing to  the  location  of  convenient  sources  of  supply.     The  frequent 
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erection  of  rnunicipHl  plants  for  water  supply  even  in  Bniall  places 
has  led  to  the  utilization  of  such  plants,  since  a  suitable  supply 
for  domestic  use  would  be  satisfactory  for  boiler  use,  and  since  a 
reasonable  charge  to  such  a  large  consumer  would  generally  be  far 
less  than  the  cost  of  maintaining  a  separate  plant.  In  default  of 
such  supplies,  a  convenient  intersecting  stream,  especially  when 
combined  with  an  existing  but  perhaps  abandoned  mill  dam  which 
will  form  a  convenient  storage  reservoir,  may  be  utilized.  If  the 
stream  passes  through  a  limestone  region,  the  water  may  become 
so  thoroughly  impregnated  with  calcium  compounds  that  a  purify- 
ing plant  will  become  a  necessity  and  then  there  may  arise  the 
(question  of  a  choice  between  a  conveniently  located  station  with  a 
necessary  purifying  plant  and  a  less  convenient  location  but  a  nat- 
ural supply  of  purer  w^ater. 

The  chemical  purification  of  water  for  railroad  pur[)oses  has 
become  a  specialty  and  must  be  studied  as  such.  Of  course  no 
attempt  is  made  to  produce  chemically  pure  water  as  that  would 
be  unnecessarily  costly.  The  reagents  chiefly  employed  are  quick- 
lime and  sodium  carbonate.  The  lime  precipitates  the  bicarbon- 
ate of  lime  and  magnesia  in  the  water.  Sodium  carbonate  gives, 
by  double  decomposition  in  the  presence  of  sulphate  of  lime, 
carbonate  of  lime,  which  precipitates,  and  soluble  sulphate  of  soda, 
which  is  non-incrustant.  The  precipitates  settle  to  the  bottom  of 
the  tank  and  are  drawn  off  while  the  purified  water  is  drawn  from 
the  upper  portion  of  the  tank.  Such  purification  may  be  accom- 
plished for  a  few  cents  per  thousand  gallons.  Still  another  method 
of  preventing  incrustation  in  the  boiler  is  to  introduce  directly  into 
the  water  tank  a  "nou-incrustant "  which,  as  its  name  implies,  will 
so  change  the  composition  of  the  impurities  that  they  will  settle 
harmlessly  and  may  be  readily  blown  out. 

Pumjrlng.  Except  when  water  is  obtained  from  a  municipal 
water  supply  it  must  be  pumped  into  a  tank  or  reservoir  which  is 
usually  placed  with  its  bottom  12  to  15  feet  above  the  rails.  The 
pumping  ma^  be  done  with  a  wind  mill,  which  is  very  cheap  but 
unreliable,  or  by  an  ordinary  steam  pump  operated  by  a  boiler  fed 
with  coal,  or  by  a  gasoline  engine.  The  last  method  is  becoming 
very  jK)pular.  as  the  pumps  require  but  little  attention  and  the  cost 
of  operating  them  has  been  found  to  be  as  low  as  one-third  or  even 
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one-fourth  of  the  cost  of  steam  pumping.  And  this  is  true  in 
spite  of  the  fact  that  a  railroad  can  usually  deliver  slack  coal  or 
screenings  at  a  pump  house  alone  the  line  of  the  road  at  a  cost  that 
may  not  exceed  30  cents  per  ton.  The  cost  of  pumping  to  a  track 
tank  will  usually  run  at  from  2  cents  to  6  cents  per  1,000  gallons. 

Tanl^s.  The  construction  of  the  piping  from  a  tank  and  even 
of  the  tanks  themselves  has  become  a  specialty  by  manufacturing 
firms  who  can  make  and  sell 
them  much  cheaper  than  may 
be  done  by  any  "home-made'' 
method,  and,  therefore,  the 
details  of  manufacture  need 
not  be  here  discussed.  The 
tank  must  be  so  placed  that 
its  nearest  face  is  about  8 
feet  6  inches  from  the  track 
center.  When  one  tank  is  to 
serve  several  tracks  or  when 
the  supply  is  taken  from  a 
city  waterworks,  a  "stand- 
pipe"  is  necessary.  This 
consists  essentially  of  an  up- 
right pipe  which  stands 
about  14  feet  above  the 
ground  where  it  has  a  hori- 
zontal arm  about  7  feet  long. 
This  elbow  may  be  turned 
so  that  the  arm  is  either  par- 
allel or  perpendicular  to  the 
track.  As  shown  in  Fig.  75, 
the  valve  mechanism  is  bur- 
ied underground  and  the  roof 
of  the  pit  is  protected  so  that  freezing  shall  be  obviated. 

Trade  Tanks.  The  demands  for  high  speed  require  that  long 
runs  shall  be  made  without  a  stop  even  for  water.  Yery  long 
runs  can  only  be  made  by  taking  on  water  while  in  motion  from  a 
track  tank.  These  have  a  length  of  1,200  to  1,500  feet  and  must 
be  laid  on  a  stretch  of  perfectly  level  track.     A  large  item  in  the 


Fig. 


Automatic  Standpipe. 
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expense  of  installing  such  a  plant  is  the  cost  of  the  re-grading 
which  is  usually  necessary  to  make  the  track  perfectly  level.  On 
the  ties  and  midway  between  the  rails  is  a  tank  about  19  inches 
wide,  6  inches  deep  and  as  long  as  desired.  This  trough  will  be 
made  of  -^-inch  steel  plate,  stiffened  and  reinforced  with  angle 
bars.  Such  tanks  can  only  be  used  by  engines  which  are  provided 
with  a  scoop  on  the  tender  which  is  lowered  at  the  proper  time. 
The  high  speed  causes  the  water  to  rush  into  the  scoop  with  such 
velocity  that  it  is  easily  carried  to  the  top  of  the  leader  pipe  and 
over  into  the  tender  tank.  An  inclined  plane  at  each  end  of  the 
trough  automatically  raises  the  scoop  and  when  raised  it  is  auto- 
matically caught  and  held  so  that  there  is  no  danger  that  the  scoop 
shall  catch  in  anything  on  the  track.  To  prevent  the  water  from 
freezing  in  the  winter,  steam  jets  should  be  blown  into  the  water 
at  every  40  to  50  feet  of  its  length.  The  steam  required  for  this 
may  be  many  times  as  great  as  the  steam  required  for  pumping. 
The  cost  of  such  an  installation  will  be  upwards  of  $10,000  and 
the  annual  expense  about  $1,500.  Of  course  these  figures  will 
vary  with  the  circumstances. 

loo.  Turntables.  The  turntable  proper  is  an  example  in 
structural  engineering  w^iich  is  now  almost  universally  made  of 
structural  steel  in  shops  which  make  such  work  their  specialty. 
Therefore  no  discussion  will  be  given  of  the  table.  But  the  table 
must  be  supported  on  a  pivot  which  must  have  an  adequate  foun- 
dation which  must  be  able  to  support  a  load  of  perhaps  200  tons. 
The  table  revolves  in  a  pit  which  is  say  75  feet  in  diameter  and 
which  must  have  a  retaining  wall  about  it.  Immediately  inside 
of  this  wall  is  a  circular  track  on  which  rollers  on  the  under  side 
of  the  turntable  may  run  if  the  load  is  eccentric.  Since  this  load 
on  the  rail  may  be  large  it  must  have  an  adequate  support. 

If  the  turntable  must  be  located  on  w^hat  is  originally  sloping 
ground,  the  masonry  may  need  to  be  quite  deep  and  heavy,  since 
the  foundation  for  the  pivot  should  be  especially  firm.  If  the 
subsoil  is  not  self-draining,  it  should  be  thoroughly  drained  by  a 
thorough  sub-drainage  and  the  pit  should  be  drained  by  a  pipe 
leading  to  a  suitable  outfall.  A  turntable  is  usually  located  as  an 
adjunct  to  a  roundhouse,  but  in  any  case  the  location  should  be 
made  so  that  the  switching  that  must  be  done  before  and  after 
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using  the  table  shall  be  made  a  miniiiuuu.  The  location  of  the  turn- 
table in  the  yard  is*an  item  in  the  subject  of  Yards  and  Terminals. 
loi.  Coaling  Stations.  The  cost  of  removing  ashes  from 
the  ashpan  of  a  locomotive  to  a  suitable  dumping  ground  and  of 
supplying  the  tender  with  coal  uiay  amount  to  a  very  considerable 
item  unless  special  facilities  are  devised  for  doing  the  work  cheaply 
as  well  as  rapidly.  Such  facilities  are  especially  necessary  when 
the  number  of  locomotives  to  be  taken  care  of  is  very  great.  As 
shown  in  Fig.  76,  the  ashes  are  discharged  directly  from  the  ash- 
pan  to  a  hopper,  from  which  they  are  discharged  into  a  conveyor 
which  passes  over  an  overhead  bridge,  to  a  place  where  the  buck- 


Fig.  78,    l,OOO.Ton  Coaling  Station.  ' 

ets  are  discharged  directly  into  a  gondola  car  placed  there  ready  to 
receive  them.  By  a  similar  process  coal  is  brought  to  the  plant 
in  gondola  cars  which  dump  at  the  bottom,  dumping  their  load 
into  a  conveyor  (see  Fig.  77),  which  carries  the  coal  to  the  top  of 
the  coal  bin.  From  the  bin  it  may  be  discharged  directly  into  the 
tender  or  into  a  conveyor  car  which  will  carry  it  to  a  locomotive 
standing  on  another  track. 

Fig.  78  is  a  general  view  of  the  plant  shown  in  detail  in  Fig. 
76.  It  was  erected  by  the  Link-Belt  Engineering  Co.,  and  while 
the  details  are  peculiar  to  that  company's  work,  it  may  be  consid- 
ered as  illustrative  of  the  general  method. 

I02.  Engine  Houses.  On  very  small  roads,  where  the  nu!\i- 
ber  of  engines  to  be  housed  at  any  one  place  will  never  exceed  five 
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or  six,  a  rectangular  engine  house  with  two  or  three  parallel  tracks 
is  the  cheapest  form  of  construction.  But  as  the  number  of 
engines  to  be  provided  for  increases,  and  as  space  grows  more 
valuable,  the  'M-oundhouse"  is  preferable,  (considering  the  space, 
tracks  and  switches  required  to  run  a  large  number  of  tracks  into 
a  rectangular  house,  the  roundhouse  will  accommodate  more 
engines  in  proportion  to  the  space  required.  A  turntable  is  a 
necessary  feature  of  a  roundhouse,  but  since  a  turntable  would 
naturally  be  located  at  any  point  on  a  road  where  an  engine  house 
was  required,  the  cost  of  the  turntable  should  not  be  considered 
as  an  integral  part  of  the  cost  of  the  roundhouse. 

Engine  houses  are  used  for  the  minor  repairs  which  contin- 
ually form  a  part  of  the  maintenance  of  any  locomotive.  There- 
fore a  portion  of  the  tracks  should  be  provided  with  '•  pits "  or 
spaces  between  the  rails  in  which  work  may  be  done  under  the 
engine.  The  outer  w^alls  are  preferably  constructed  of  masonry, 
although  wooden  structures  are  not  uncommon  on  cheaper  roads. 
The  roof  framing  should  preferably  be  of  wood,  as  iron  trusses 
deteriorate  very  fast  under  the  action  of  the  gases  of  combustion 
from  the  engines.  The  effect  of  this  is  prevented  as  far  as  possi- 
ble by  "  smoke  jacks,"  which  are  chimneys  suspended  from  the 
roof  so  that  they  are  immediately  above  the  engine  stack  when 
each  engine  is  placed  where  designed.  The  lower  part  of  this 
chimney  is  made  adjustable  so  that  it  may  come  down  closely  over 
the  stack.  The  smoke  jacks  are  variously  made  of  galvanized  iron 
(Very  short  lived ),  vitrified  pipe  (too  brittle),  cast  iron  (very  heavy), 
expanded  metal  and  concrete,  and  even  plain  wood  painted  with 
''fireproof"  paint.  The  floors  are  best  made  of  brick;  cinders 
are  cheap  but  objectionable,  wood  is  tolerable  but  lacks  durability, 
concrete  is  almost  an  extravagance.  Considering  that  the  larger 
roundhouses  may  contain  locomotives  worth  several  hundred 
thousand  dollars,  fire  protection  is  an  important  feature..  One 
means  to  this  end  is  the  use  of  rolling  steel  shutters  instead  of 
wooden  doors.  In  Fig.  79  is  shown  some  of  the  details  of  what 
may  be  considered  a  typical  roundhouse.  The  figure  will  illus- 
trate many  of  the  points  named  above. 

103.  Cattle  Guards.  The  prevalent  opinion  ttat  a  railroad 
company  is  resjwnsible  for  the  death  or  injury  of  any  cattle  which 
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may  stray  on  its  right-of-way  requires  esj^ecial  precautions  that 
cattle,  straying  along  a  highway,  shall  not  turn  into  the  railroad 
right-of-way.     The  fundamental   idea  is  a  structure  which  is  not 


I'lpi,.  hU,    Climax  LuUic  u 


an  obstruction  to  trains  but  over  which  cattle  will  not  pass.     The 
old  way  was  to  use  a  pit  about  two  feet  deep  and  four  feet  wide 


Fig,  81.    Sheffield  Cattle  Guard. 


across  which  the  rails  were  supported  on  wooden  stringers.     But 
this  form  makes  a  break  in  the  continuity  of  the  roadbed  and  is  a 
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very  fruitful  source  of  accidents.     Tliis  form  lias,  therefore,  been 
definitely  abandoned  for  '* surface"  cattle  guards. 

Two  forms  of  these  are  illustrated  in  Figs.  80  and  81.  The 
variations  in  the  i^urface  adopted  are  multitudinous.  Usually  they 
are  made  of  iron,  sometimes  of  wood  and  sometimes  of  some  form 
of  tile  or  cement  which  is  not  subject  to  decay  or  rust.  Any  form 
must  have  in  addition  the  fences  extending  from  the  sides  of  the 
right-of-way  up  to  the  ends  of  the  ties.  These  fences  will  })e 
^'headed"  by  a  short  guard  fence,  as  shown  in  the  left  of  each  of 
the  figures,  which  will  prevent  cattle  from  stepping  over  the  end 
of  the  fence. 

TRACK  AND  TRACK  WORK  HATERIALS. 

104.  Ballast.  The  ideal  ballast  must  transfer  the  applied 
load  over  a  large  surface;  it  must  hold  the  ties  in  place  horizon- 
tally; it  must  carry  off  the  rain  water  and  thereby  prevent  freez- 
ing up  in  winter;  it  must  be  such  that  the  ties  may  be  readily 
adjusted  to  the  true  grade  line  and  it  must  produce  an  elastic 
roadbed.  The  various  materials  used  for  ballast  fulfill  these  con- 
ditions in  variable  degrees  and  at  various  costs.  The  most  perfect 
and  costly  ballast  is  not  necessarily  the  best  for  a  light  traffic  road, 
but  on  the  other  hand  many  light  traffic  roads  are  increasing  their 
operating  expenses  (unconsciously)  in  a  vain  attempt  to  cut  them 
down  by  using  a  cheap  form  of  ballast  or  none  at  all.  The  prin- 
cipal kinds  used  will  be  stated  with  a  comment  on  each  one. 

Mud.  This  means  no  ballast  except  the  natural  soil.  Some- 
times the  natural  soil  is  sandy  or  gravelly  and  will  uiake  a  very 


Fig.  82.    Mud  Ballast. 


good  ballast  where  it  occurs,  but  no  matter  how  good  the  soil  may 
be  in  some  places,  such  a  quality  cannot  be  depended  on  to  be  con- 
tinuons  throughout  the  line  or  even  approximately  so.  Consider- 
ing that  a  heavy  rain  will  in  one  day  spoil  the  results  of  weeks  of 
j)atient  "surfacing"  with  mud  ballast,  it  is  seldom  economical  to 
use  it  if  there  is  a  gravel  bed  or  other  source  of  ballast  anywhere 
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on  the  line  of  the  road.  If  it  nruat  be  used,  then  the  drainage 
should  he  exceptionally  perfect.  The  earth  should  be  crowned 
over  the  ties  in  the  center  and  the  ditches  on  each  side  should  be 
at  least  20  inches  below  the  base  of  the  ties.  Tliis  will  facilitate 
the  How  of  water  to  the  sides. 

Ciiulers.  The  advantages  are  an  almost  perfect  drainage, 
ease  of  handling,  and  cheapness,  for,  after  the  road  is  in  opera- 
tion, their  use  is  but  the  utilization  of  a  waste  product.  The  chief 
disadvantage  lies  in  the  dust  produced  as  the  particles  are  ground 
up  by  use.  Incidentally,  a  light  traffic  road  would  require  a  long 
time  to  produce  enough  ashes  to  ballast  the  whole  road,  which 
would  imply  a  long  period  of  operation  with  no  ballast  at  all. 

Slag.  In  certain  places  such  ballast  is  very  cheaply  obtained 
as  a  w^aste  product,  it  being  given  away  for  the  hauling.  It  is  free 
from  dust  and  the  drainage  is  perfect. 

Shells^  fine  coaly  etc.  These  are  only  used  when  their  prox- 
imity makes  them  especially  cheap.  They  become  dusty  in  dry 
weather  and  correspondingly  imperfect  in  their  drainage  qualities. 
They  soon  become  but  little  better  than  *'  mud." 

Gravel.^  A  large  proportion  of  the  railroad  mileage  of  the 
country  is  laid  with  gravel  ballast.  This  is  because  gravel  beds 
are  so  frequently  found  on  the  lines  of  roads,  from  which  the  gravel 


Fig.  83.    Gravel  Ballast. 

may  be  dug  with  a  steam  shovel,  loaded  on  to  cars  and  hauled  to  any 
desired  point  where  it  is  perhaps  unloaded  mechanically,  the  only 
strictly  hand  work  in  the  whole  operation  being  the  tamping  of  the 
ballast  in  the  track.  Such  methods  make  the  cost  per  cubic  yard 
very  small.  The  gravel  is  easily  handled  and  affords  almost  perfect 
drainage.  If  the  gravel  contains  very  fine  stones  or  dirt,  it  should 
be  screened  over  a  half-inch  screen  to  take  the  fine  stuff  out. 

Broken  Stone.  This  is  the  best  form  of  ballast  obtainable, 
and  usually  the  most  expensive.  Although  hand-broken  stone  is 
preferable,  the  cost  of  machine  crushed  stone  is  so  much  less  that 
it  is  almost  exclusively  used.     They  should  be  broken  so  that  they 
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will  pass  through  a  1^-inch  or  2-incli  rin^.  It  is  most  easily- 
shoveled  with  forks,  and  this  method  has  the  additional  advantag-e 
that  the  finest  chips  and  dirt  will  be  screened  out.  Such  ballast  holds 
the  ties  more  firmly  than  any  other  form  and  hence  is  almost  an 
essential  for  roads  handling  a  great  and  heavy  traffic  at  high  speed. 
For  a  light  traffic  road  running  few  trains  and  these  at  very  mod- 
erate speed,  the  use  of  rock  ballast  would  be  almost  a  useless  lux- 
ury unless  the  broken  stone  were  very  cheap  and  gravel  were 
expensive  or  unobtainable. 

Amount  required.  Good  practice  requires  a  depth  of  12 
inches  of  gravel  or  broken  stone  under  the  ties.  With  6-inch  X 
8 -inch  ties  spaced  24  inches  between  centers,  the  amount  between 
the  ties  will  be  equivalent  to  an  additional  depth  of  about  4  inches. 


If  the  ballast  has  an  average  width  of  10  feet,  say  8  feet  at  the  top 
and  12  feet  at  the  bottom,  then  one  mile  of  track  will  contain  2,607 
cubic  yards.  Broken  stone  requires  a  little  more  than  this  since 
there  should  be  a  shoulder  of  ballast  on  the  ends  of  the  ties.  (See 
Fig.  84.) 

Method  of  laying.  When  ballast  is  laid  during  the  original 
construction  of  the  road,  the  proper  method  is  to  haul  the  most  of 
the  ballast  with  carts  or  on  the  contractor's  temporary  track  and 
spread  it  evenly  to  the  level  of  the  bottom  of  the  ties.  Then  the 
ties  and  rails  can  be  laid  and  a  construction  train  can  haul  what- 
ever ballast  is  required  for  surfacing  and  tamping.  When  the 
ties  and  rails  are  laid  on  the  bare  subsoil  and  the  construction 
trains  w^ith  ballast  are  run  over  it,  the  rails  are  apt  to  become 
badly  bent  and  kinked.  A  compromise  between  the  above  methods 
is  to  use  light  construction  cars  which  may  run  on  the  standard 
gauge  track  without  doing  the  injury  that  would  be  caused  by 
standard  loaded  rolling  stock. 

CoHt.  The  cost  of  ballast  depends  on  {ti)  the  initial  cost  as  it 
comes  to  the  road,  il))  on  the  distance  from  the  source  of  supply 
to  the  place  where   used,  and  {&)  on  the  method  of  handling.     A 
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little  thoucrht  will  show  the  variation  in  these  items  for  different 
roads,  and  therefore  any  estimates  of  cost  are  necessarily  approxi- 
mate. As  an  average  ligure  the  cost  of  broken  stone  ballast  in 
the  track  may  he  computed  as  $1.25  per  cubic  yard,  and  the  cost 
of  gravel  may  be  put  at  ()0  cents.  The  cost  of  placing  and  tamp- 
intr  gravel  ballast  is  estimated  at  20  to  24  cents,  while  the  similar 
estimate  for  cinders  is  put  at  only  12  to  15  cents.  The  cost  of 
loading  gravel  on  cars,  using  a  steam  shovel,  is  estimated  nt  6  to 
10  cents  per  cubic  yard. 

105.  Ties.  The  cost  of  ties  to  a  railroad  is  too  apt  to  be 
superficially  considered  as  the  mere  market  price  of  the  ties  deliv- 
ered to  the  road.  The  true  cost  is  the  cost  of  the  maintenance  of 
suitable  ties  in  the  roadbed  for  an  indefinite  length  of  time.  The 
first  cost  is  but  one  item  in  the  total  cost.  A  cheap  tie  must  be 
soon  renewed.  The  labor  of  renewal  is  a  considerable  item  of  cost. 
The  renewal  disturbs  the  roadbed,  which  requires  adjustment  to 
keep  it  from  getting  uneven.  The  unavoidable  unevenness  of  the 
roadbed  has  an  actual  although  uncertain  effect  on  operating  ex- 
penses, increasing  the  fuel  consumption  and  wear  and  tear  on  the 
rolling  stock.     It  even  has  some  effect  on  possible  or  safe  speed. 

In  round  numbers,  if  the  cost  of  buying  and  placing  a  good 
tie  is  twice  that  of  a  cheap  tie,  and  the  good  tie  lasts  twice  as  long 
as  the  cheap  tie,  the  economics  of  the  cases  are  nearly  equal.  But 
on  the  one  hand  we  have  the  interest  on  the  extra  cost  of  the  good 
tie  for  the  lifetime  of  the  cheaper  tie  and  on  the  other  hand  we 
have  the  additional  cost  of  maintenance  of  way  when  using  the 
poorer  ties  and  the  indefinite  increase  of  operating  expenses  due  to 
a  poor  roadbed.  The  annual  cost  of  a  system  of  ties  should  there- 
fore be  considered  as  the  sum  of  {a)  the  interest  on  the  first  cost, 
(h)  the  annual  sinking  fund  that  would  buy  a  new  tie  at  the  end  of 
its  life,  and  (r)  the  average  annual  maintenance  for  the  life  of  the 
tie,  which  includes  the  cost  of  laying  and  the  considerable  amount 
of  subsequent  tamping  that  must  be  done  until  the  tie  is  settled 
in  the  roadbed,  besides  the  regular  track  work  due  to  the  tie. 
Such  a  method  of  comparison  is  essential  in  considering  the 
economics  of  chemically  treated  ties  and  untreated  ties. 

Wood.  A  good  tie  must  last  as  long  as  possible  in  the  ground, 
must  be  hard  enough  not  to  be  unduly  affected  by  "rail-cutting," 
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must  be  hard  and  tough  enough  to  hold  the  spikes,  and  finally 
must  be  reasonably  cheap.  Throughout  the  United  States  some 
of  the  varieties  of  oak  fullill  these  conditions  (on  tlie  whole)  better 
than  any  other  kind.  Fine  is  the  second  choice,  largely  determined 
by  its  local  cheapness.  Cedar  and  chestnut  come  next,  while  red- 
wood, cypress,  heuilock,  tamarack  and  a  few  others  have  a  lesser 
use.  Redwood  and  cypress  are  as  good  as  any  from  the  standpoint 
of  mere  decay,  but  they  are  so  soft  that  the  rails  cut  them  and 
spikes  have  but  little  holding  power.  Since  spikes  must  be  driven 
within  a  very  small  area  on  the  face  of  the  tie  (for  the  tie  must  be 
placed  symmetrically  under  the  rails),  when  a  spike  is  partially 
pulled  up  by  the  rail  tending  to  turn  over,  the  spike  must  be  re- 
driven  very  near  its  former  position.  On  a  curve  there  is  a  very 
great  force  tending  to  turn  the  rail  over,  and  w^hen  the  holding 
power  of  the  spikes  is  not  very  great,  they  must  be  frequently 
re-driven.  Forcing  them  down  in  the  same  hole  is  almost  useless. 
It  thus  happens  that  a  tie  of  soft  but  durable  wood  will  be  ''spike- 
killed  "  long  before  any  decay  has  set  in.  Redwood  ties  have 
been  largely  used  in  the  West,  and  when  they  are  protected  by  tie 
plates  from  rail-cutting,  their  life  in  a  dry  climate  is  very  great, 
especially  on  tangents. 

Dimensions.  Ties  for  standard  gauge  roads  are  8  feet,  8  feet 
6  inches,  and  occasionally  9  feet  in  length.     They  should   be  () 

inches;  to  7  inches    thick,  and  if 
sawed  should  be   8   inches  or  9 
inches  wide.     If  they  are  hewed, 
QUARTER  TIE.       they  shouM  have  a  hewed  face  of 
i^'ig.  85.  about  the  same  amount.     Sawed 

ties  are  a  practical  necessity  on 
trestles  and  bridges,  and  elsewhere  they  are  preferable.  When  ties 
are  cut  from  large  timber,  as  is  now  frequently  the  case,  sawing  is  a 
necessity,  but  there  is  a  general  opinion  that  hewed  "  pole  "  ties 
are  more  durable  than  sawed  ties.  In  any  case  the  bark  should 
be  entirely  removed  before  they  are  laid. 

Sfadng.  The  most  common  spacing  is  24  inches  from  cen- 
ter  to  center,  which  is  the  same  as  15  per  30-foot  rail,  which  is  a 
common  w^y  of  stating  it.  As  many  as  20  per  30-foot  rail  are 
Bometimes  used  if  the  ties  are  small,  but  as  this  means  only  18 
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inches  from  center  to  center,  the  space  left  for  tamping  is  small 
and  the  support  to  the  rail  may  \^e  even  less  than  that  given  by 
larger  ties  with  wider  spacing  and  more  perfect  tamping.  The 
spacing  should  not  be  exactly  even  as  more  support  is  needed  at  the 
joints.  Two  ties  are  placed  so  that  the  rail  joint  is  evenly  sup- 
ported by  them.  If  the  rail  joints  are  "  staggered,"  as  is  usual,  two 
more  joint  ties  are  placed  somewhat  closer  together  near  the  middle 
of  the  opposite  rail.  The  remaining  ties  of  the  allotment  (say  15) 
per  rail  will  be  divided  evenly  in  the  remaining  spaces. 

Joules  for  cutting.  It  should  be  required  that  hewed  ties 
should  have  their  two  faces  truly  parallel;  the  trees  should  be 
reasonably  straight,  one  rule  being  that  a  straight  line  passing 
through  the  center  of  one  end  and  the  center  of  the  middle  shall 
not  pass  outside  of  the  other  end;  they  must  not  have  severe  splits 
or  shakes;  they  should  be  cut  in  winter,  or  when  the  sap  is  down; 
they  should  be  piled  for  at  least  six  months  before  being  used. 
When  ties  are  furnished  by  farmers  along  the  right  of 
way,  it  is  specified  that  the  ties  shall  be  neatly  piled 
crosswise  in  piles  on  ground  not  lower  than  the  rails, 
the  piles  to  be  at  least  seven  feet  from  the  rails. 

Bides  for  laying  and  renevdng.  The  largest  and 
best  ties  should  be  reserved  for  joint  ties.  Whenever 
spikes  are  drawn  out,  the  hole  should  be  plugged  with 
a  wooden  plug  which  will  prevent  water  from  settling 
in  the  hole  and  thus  causing  rapid  decay.  '  Ties  should 
always  be  laid  at  right  angles  to  the  rail  and  never 
obliquely.  When  renewals  are  to  be  made,  the  requi- 
sitions are  to  be  based  on  an  actual  count  of  ties  to  be 
renewed  and  not  as  the  result  of  any  wholesale  estimate. 
It  is  unwise  to  use  a  mixed  variety  of  ties  in  the  track  r^^^^g. 
so  that  their  size,  elasticity  and  durability  are  very  dif- 
ferent.    This  will,  by  the  variation  in  elasticity,  cause  rough  riding. 

Cost,  Local  circumstances  very  greatly  affect  the  cost,  even 
for  the  same  class  of  ties.  Railroads  sometimes  succeed  in  monop- 
olizing the  tie  production  in  the  territory  through  which  they  run 
by  refusing  to  haul  ties  for  any  other  customer  or  railroad,  except 
at  prohibitory  rates,  and  control  the  price  somewhat  by  refusing 
to  pay  more  than  the  lowest  limit  at  which  the  local  people  will 
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supply  the  ties.  The  best  ties  procurable  in  a  section  can  thus  be 
procured  for  45  to  ^^O  cents  per  tie,  and  where  common  labor  is 
very  cheap  this  price  is  cut  even  to  25  cents.  On  the  other  hand, 
the  very  best  of  large  oak  ties  will  often  cost  75  to  SO  cents.  In 
view  of  the  above  variation  in  price,  any  estimates  must  depend 
on  local  conditions. 

io6.     Rails.     The  form  of  rail   section  popularly  known  as 
the  A.S.C.E.  section,  was  adopted  by  a  committee  of  the  American 

Society  of  Civil  Engineers  in 
1893,  after  a  great  deal  of  discus- 
sion and  study.  That  form  is 
now  used  by  the  most  of  the  rail- 
roads of  the  country.  The  essen- 
tial features  of  the  design  are  that 
the  head  shall  have  42  per  cent  of 
the  area  of  the  section,  the  web 
21  per  cent  and  the  flange  37  per 
cent.  The  top  of  the  head  must 
have  a  radius  of  12  inches;  the 
top  corner  radius  of  the  head 
must  be  j\-inch;  the  lower  corner 
radius  of  the  head  must  be  Jg-inch;  the  radius  of  the  corners  of 
the  flanges  must  be  Jg-inch;  the  radius  of  the  side  of  the  web 
must  be  12  inches,  and  the  radii  of  the  web  corners  must  be  i-inch; 
the  angles  with  the  horizontal  of  the  under  side  of  the  head  and 
the  top  of  the  flanges  are  both  13°;  the  sides  of  the  head  are  verti- 
cal. All  of  the  above  dimensions  are  constant  for  all  sections 
regardless  of  the  w^eight  of  the  rail.  Fig.  87  shows  all  of  these 
constant  dimensions  and  indicates  by  letters  the  variable  dimen- 
sions which  are  given  in  the  follow^ing  tabular  form: 


Fig.  87.    Am.  Soc.  C.  E.  Standard 
Rail  Section. 


Dimen- 

Weight  per  yard  in  pounds. 

in  inches. 

40 

45 

50 

55 

60 

65 

70 

75 

80 

85 

90 

95 

100 
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Iff 
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2% 

5% 
U 
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Tlie  most  important  feature  in  the  above  design,  or  tlie  feature 
which  has  excited  the  most  discussion,  is  the  radius  of  the  upj)er 
corners  of  the  head.  Rail  wear  begins  there  and  rails  with  sharp 
corners  will  wear  longer  than  those  with  larger  radii.     The  rapidity 


Fig.  88.    Rail  Joint. 


of  the  rate  of  rail  wear  after  the  corner  has  worn  off  is  one  proof 
of  this,  and  so  from  the  maintenance  of  way  standpoint  sharp  rail 
corners  are  desirable.  But  excessively  sharp  rail  corners  produce 
excessive  wear  on  the  flanges  of  the  wheels,  not  only  wearing  out 
the  wheels  quickly  but  even  rendering  them  dangerous  and  liable 
to  cause  a  derailment.  And  therefore  a  compromise  between  the 
extremes  of  sharp  rail  corners  and  those  of  large  radii  was  made 


l)y  the  adoption  of  the  radius  ^^^ 


inch. 


Weight.  The  w^eight  of 
rail  that  should  be  used  on  any 
road  is  an  exceedingly  important 
financial  and  technical  question. 
It  is  the  largest  single  item  of 
expenditure  in  the  construction 
of  a  road,  and  the  temptation  to 
cut  down  the  item  by  5  per  cent  ^ 
or  10  per  cent  is  very  great.  For 
all  ordinary  sizes  the  price  per 

ton  is  uniform,  and  therefore  a  reduction  in  weight 'per  yard  means 
a  corresponding  reduction  in  the  cost.  But  it  should  be  considered 
that  what  is  desired  is  a  rail  that  has  stiffness  and  strength,  no 
matter  how  much  it  weighs. 


Fig.  89,    Weber  Rail  Joint. 
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It  can  readily  be  proved  that  if  all  sizes  of  rails  had  exactly 
similar  cross-sectioBs  (which  is  nearly  true)  then  the  stiffness  of  a 
rail  varies  as  the  square  of  the  weight  and  the  strength  varies  as 
the  f   power.     This   means   that  if  we  add    10    per  cent  to   the 

weight  (and  therefore  to 
the  cost)  of  the  rail  we  are 
adding  21  per  cent  to  the 
stiffness,  and  over  15  per 
cent  to  the  strength.  As  a 
more  concrete  example, 
suppose  that  some  desire 
to  make  the  weight  of  the 
rail  for  a  road  60  lb.  per 
and  others  wish  to  use  a  70.1b.  rail.  At  $30  per  ton  (of 
2,240  pounds)  the  diference  of  cost  w^ill  be  1471.42  per  mile  of 
single  track.  But  on  the  other  hand,  although  the  cost  is  increased 
by  16§  per  cent,  the  strength  is  increased  26  per  cent,  and  the 
stiffness  is  increased  36  per  cent.  The  increase  in  stiffness  is  more 
than  double  the  increase  in  cost.  Unfortunately  there  is  no  ab- 
solute criterion  as  to  the  amount  of  stiffness  or  strength  required 
since  it  depends  largely  on  the  unknown,  uncertain  and  variable 
tamping  of  the  ties  and  the  support  which  the  ties  receive  from 
the  ballast.  But  the  above  relative  figures  hold  good,  and  consid- 
ering that  a  stiff  track  means  decreased  rolling  resistance,  higher 


Fig.  90.    Bonzano  Rail  Joint. 


ya 


rd. 


Fig.  91.    Continuou.s  Rail  Joint. 


speed  and  greater  safety,  a  considerable  increase  in  weight  over 
that  minimum  on  which  it  would  be  possible  to  run  trains  is  not 
only  justifiable  but  is  a  measure  of  true  economy.  As  a  general 
statement,  it   may   be   said    that  60  lb.  per  yard  is  the  lightest 


202 


ODD  CURVE  ON  THE  OROYA  LINE,  PERU 

Copyright,  1907.  by  Underwood  <fc  Underwood,  New  York 


RAILROAD  ENGINEERING  121 

weight  which  sliould  be  used  on  a  standard  gauge  road  running 
ordinary  rolling  stock,  no  matter  how  light  the  tratlic.  Koads 
with  a  fair  business  should  have  70-lb.  rails.  The  great  trunk  lines 
are  relaying  with  100-11).  rails  on  the  heavy  traftic  divisions,  and 
usually  have  as  heavy  as  85-lb.  rails  on  all  but  the  small  branches. 

Length.  The  standard  specifications  proposed  by  a  committee 
of  the  American  Railway  Engineering  and  Maintenance  of  Way 
Association  in  1U02  contained  this  clause:  "The  standard  length 
of  rails  shall  be  33  feet.  Ten  per  cent  of  the  entire  order  will  be 
accepted  in  shorter  lengths,  varying  by  even  feet  down  to  27  feet. 
A  variation  of  4-inch  in  length  from  that  specitied  will  be  allowed." 


Fig.  92.    Wolhaupter  Rail  Joint  and  Section  Through  Center. 

During  late  years  much  experimenting  has  been  done  with  the 
idea  of  increasing  the  length  of  rail,  and  a  considerable  amount  of 
rails  of  45  and  even  60  feet  has  been  laid.  These  have  the  un- 
doubted advantage  of  saving  a  proportionate  number  of  rail  joints, 
which  are  always  a  source  of  trouble,  but  at  the  same  time  the 
allowance  for  expansion  which  must  be  made  at  every  joint  must 
be  proportionately  increased.  The  above  recent  standard  specifica- 
tion apparently  indicates  that  the  increase  in  length  has  not  proven 
desirable. 

107.  Rail  Joints.  The  action  of  a  heavy  wheel  rolling  on 
an  elastic  rail  is  to  cause  a  wave  of  elasticity  to  run  in  front  of  the 
point  of  contact.  A  perfect  track  is  one  that  will  keep  that  wave 
of  elasticity  perfectly  uniform,  which  requires  that  the  rail  joint 
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should  have  the  same  strength  and  stiffness  as  the  rail.  Only  a 
welding  of  the  rails,  making  them  continuous,  would  accomplish 
this.  Any  rail  joint  which  is  as  strong  as  the  rail  is  necessarily 
much  heavier  and  stiff er.  Passing  by  the  older  forms  which  have 
now  become  obsolete,  we  have  in  Figs.  88  to  93  the  forms  which 
are  now  competing  for  adoption.  The  '^  angle  bar  "  is  still  used 
more  than  any  other  kind,  but  many  of  the  other  forms  have 
demonstrated  their  reliability  and  fulfilment  of  the  requirements 
as  nearly  as  may  be  hoped  for.  N^early  all  of  these  designs  are 
used  exclusively  as  "suspended"  joints  rather  than  as  '-sup- 
ported" joints,  the  difference  being,  as  the  name  implies,  that  a 
suspended  joint  is  placed  between  two  ties  so  that  each  end  of  the 
joint  has  an  equal  bearing  on  the  ties;  a  supported  joint  is  set 
directly  over  a  tie  and  hence  must  get  practically  its  whole  sup- 


Fig.  93.    Atlas  Suspended  Rail  Joint. 

port  from  that  one  tie,  unless  the  joint  is  so  long  that  it  rests  on 
the  adjacent  ties,  thus  making  it  a  "  three-tie"  joint. 

Angle  bars  are  usually  about  26  inches  long.  Of  course,  the 
bars,  of  whatever  kind,  should  be  so  made  that  they  will  fit  closely 
under  the  head  pf  the  rail  and  also  have  a  close  fit  on  the  top  of 
the  flange.  This  means  that  every  rail  joint  must  be  made  with 
special  reference  to  the  particular  design  of  rail  with  which  it  is 
to  be  used  and  that  it  will  fit  jio  other  design.  For  the  smaller 
sizes  of  rails  and  on  light  traffic  roads,  four-bolt  angle  bars  are 
used,  but  the  longer  and  heavier  bars  are  usually  made  with  six 
holes.  The  holes  are  made  in  a  somewhat  elliptical  form  and  the 
track  bolt  has  a  corresponding  form  immediately  under  the  head. 
The  bolt  is  thus  prevented  from  turning  when  the  nut  is  screwed 
on  or  off.     The  holes   in   the  rail  are  made  about  ^  inch  larger  in 
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Fig.  94.    Insulated  Joint  for  Track  Circuit. 


One  form  of 


diameter   than   the  bolt.     This  is  to  allow  room  for  expansion  of 
the  rail  dne  to  temperature. 

Insulated  Joints.  Rails  are  very  frequently  used  to  form 
an  electric  circuit  as  part  of  the  system  of  sicrnaling.  As  an  item 
in  the  system  it  is  required  that  certain  joints  shall  l>e  so  made 
that  no  current  shall  pass 

between  adjacent  rails.  (  j 

This  requires  the  use  of 
insulated  joints.  A  plate 
of  some  insulating  ma- 
terial is  placed  between 
the  ends  of  the  rails  and 
even  the  joint  bars,  of 
whatever  kind,  must  be 
made  of  w^ood,  or  if  of 

metal  must  have  the  metal  insulated  from  the  rails, 
such  a  joint  is  illustrated  in  Fig.  94.     ^ 

io8.  Tie  Plates.  Many  of  the  soft-wood  ties  are  very  dura- 
bJo  as  regards  decay,  but  are  -^cut"  by  the  rail  very  badly.  This 
is  not  due  to  mere  static  pressure  but  to  the  working  of  the  rail 
on  the  tie  during  expansion,  and  to  impact  when  the  rail  has 
l>ecome  loosened  somewhat  from  the  tie  and  a  wheel  load  suddenly 
forces  it  down  with  a  hammer  blow.  The  cutting  on  curves  is 
also  due  to  the  excessive  pressure  produced  by  the  edges  of  the 
rtanges  which  is  developed  by  the  centrifugal  action  of  the  rolling 

stock.  Another  advantage  in  the 
use  of  tie  plates  lies  in  the  fact  that 
the  spikes  are  mutually  supported ;  a 
spike  cannot  be  forced  laterally  in 
the  tie  without  drawing  the  tie  plate 
with  it  and  this  is  resisted  by  all  the 
spikes  passing  through  the  tie  plate. 
The  cost  is  insignificant  compared 
with  the  added  life  of  the  tie,  especially  if  it  is  a  soft  wood  tie. 
The  advantag  ^  with  an  oak  tie  is  not  so  great  proportionally. 

It  is  very  important  that  the  spikes  should  fit  the  spike  holes 
with  but  very  little  play,  otherwise  one  of  the  primary  objects  of 
the  plate  will   be  defeated,  and  the  rail  will  not  be  secure  against 


Fig.  95,    Tie  Plate. 
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Fig.  9G.    Wolhaupter  Tie  Plate. 


lateral  motion.  Koto  that  the 'flanges  on  the  lower  side  of  the 
plate  not  only  stfffen  it  and  make  it  much  stronger  structurally 
but  they  also  secure  the  plate  to  the  tie  and  prevent  an  objection- 
able rattling.  The  very  presence  of  these  flanges,  however,  re- 
(juires  that  the  plates  shall  be  driven  on  to  the  tie. 

A  common  but  objectionable 
method  of  doing  this  is  to  put  the 
plates  in  place  under  the  rails, 
drive  the  spikes  as  far  as  they  will 
go  and  then  depend  on  the  pas- 
sage of  the  flrst  trains  to  force  the 
plates  into  place.  If  the  spikes 
are  immediately  driven  home  as 
soon  as  the  plates  are  down,  the 
method  is  not  so  objectionable, 
but  even  a  temporary  delay  will  result  in  loose  spikes  and  rails. 
A  very  heavy  wooden  maul  is  the  best  ordinary  tool.  The  very 
best  results  are  obtained  by  utilizing  a  j)ile  driver,  setting  the 
plates  accurately  to  gauge  and  then  driving  them  home  by  a  single 
blow  from  the  pile  hammer,  allowing  it  to  fall  two  or  three  feet. 
109.  Rail  Braces.  The  pressure  against  the  outer  rail  on  a 
curve,  and  also  the  pressure  against  the  inner  rail  when  a  train 
stops  on  a  curve  which  has  a  considerable  super-elevation,  is  fre- 
quently provided  for  by  "  rail  braces"  such  as  are  illustrated  in 
Figs.  99  and  100.  Sometimes  these  are  made  of  cast  iron,  but 
these  are  brittle  and  are  apt  to 
be  broken  by  a  blow  from  a 
spike  maul  when  the  spikes  are 
driven.  The  preferable  form, 
although  it  is  more  expensive,  is 
to  forge  them  or  '^  press  "  them 
from  wrought  iron  or  steel. 
In  Fig.  100  is  shown  a  form  w^hich  has  a  plate  which  runs  under 
the  rail  which  thus  makes  it  a  combined  rail  brace  and  tie  plate. 
HO.  Spikes.  The  fundamental  requirement  of  a  spike  is 
holding  power,  but  it  must  also  be  cheap,  easily  applied  and  easily 
removed  when  necessary.  Many  devices,  such  as  making  the  sur- 
face rough  and  even  jagged,  have   been  tried  to  increase  the  hold- 


Fig.  97.    Q.  &  W.  Tie  Plate. 
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iiig  power.  But  it  has  been  found  that  the  destruction  of  the  fibre 
of  the  wood  caused  by  these  devices  has  actually  reduced  the  hold- 
ing powder  and  that  the  best  form  is  a  spike  with  plane  and  smooth 
faces.     The  point   should    be  made  so  as  to  cut  the  fibres  of   the 


Fig.  98.    Atlas  Tie  Plate. 

wood  instead  of  crushing  them.  By  this  means  the  libres  are 
pressed  outward  and  downward,  and  thus  any  upward  pull  only 
tends  to  draw  the  fibres  back  to  their  original  place  and  so  increase 
the  pressure  against  the  spike  and  thus  increase  the  friction  and 
the  holding  power.    The  standard  spike  for  rails  weighing  more  than 


Fig.  99.    Atlas  Brace  KK.  Fig.  100.    Atlas  Brace  K. 

56  pounds  per  yard  is  5 J  inches  long  and  ^^g-inch  square.  There 
will  be  about  375  in  a  keg  of  200  pounds.  On  this  basis,  if  the 
ties  are  24  inches  apart  and  four  are  used  per  tie,  there  will  be  re- 
quired 5,632  spikes  per  mile  or  28.16  kegs.     Of  course  a  consider- 
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Fig.  101.    Track  Bolts. 


able  allowance  must  be  made  for  loss  and  waste  of  various  kinds. 

111.  Track  Bolts.  The  track  bolt  must  have  sufficient 
strength  to  hold  the  angle  plates  together  with  such  force  as  will 
develop  the  full  strength  of  the  angle  plates.     And  yet  this  must 

be  accomplished  so  that  the  friction  devel- 
/^    ^  ~Tw  1"/^'"^^      oped  will  not  be  so  great  that  the  rails  may 

6_ r-Jx--|L   u — t^X-A     not  slide  in  the  joints  during  temperature 

changes.  On  a  straight  track  the  contrac- 
tive j)ull  due  to  a  fall  of  temperature  is  so 
great  that  no  possible  gripping  of  the  bolts 
could  prevent  slipping,  but  it  is  (piite  possi- 
ble that  when  rails  expand,  and  especially 
when  on  a  curve,  the  resistance  to  slipping 
might  be  so  great  that  the  track  would 
bulge  out  of  alignment  instead  of  slipping 
at  the  joints.  Such  an  effect  does  actually 
take  place  when  the  allowance  for  expansion  is  insufficient  and  the 
rails  continue  to  expand  after  they  have  butted  end  to  end. 

Another  requirement  is  that  the  bolts  shall  not  turn  while 
the  nut  is  being  turned.  This  is  accomplished  by  an  enlargement 
of  the  bolt  just  under  the  head,  as  shown  in  Fig.  101.  This  fits 
fairly  closely  in  a  corresponding  oval-shaped  hole  in  the  angle 
plate.  The  sizes  shown  in  the  figure  are  about  what  should  be 
used  with  a  70  or  80-pound  rail.  Heavier  rails  require  a  longer 
bolt  and  one  that  is  proportionately  heavier.  The  type  of  rail 
joint  used,  and  also  the  type  of  nut  lock  if  any,  will  determine 
the  required  length  of  bolt,  while 
the  weight  of  rail  should  deter- 
mine the  diameter.  The  diam- 
eters vary  from  |  inch  to  1  inch, 
and  the  lengths  from  3  inches  to 
5  inches. 

112.  Nut  Locks.     There  are 

three  types  of  nut  lock — (a)  those  which  have  an  elastic  cushion 
under  the  nut  which  absorbs  the  vibrations  that  would  otherwise 
loosen  the  nut,  (/>»)  those  by  which  the  nut  is  made  to  grip  the 
bolt  (^by  some  unusual  device)  so  that  vibration  will  be  insufficient 
to  loosen  it,  and  {r)  tlie  "  jjositive"  type,  in  whicli  the  locks  are  pre- 
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Fig.  102.     Ajax  Tail  Washer. 
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vented  from  turning  by  some  definite  and  positive  mechanical  check. 

The  •;'  Ajax  Tail  Washer,"  shown  in  Fig.  102,  is  a  sample  of 
the   first  class,  although  it   also  has  some  of  the  elements  of  the 
third  class,  since  the  sharp  steel  points  will  tend  to  bite  into  both 
the  under  side  of  the  nut 
and  the  side  of  the  angle 
plate    where    it    rests 
whenever  there  is  a  tend- 
ency for  the  nut  to  turn 
backward.    These  points 
merely  drag  and   slip 
when   tlie   nut  is  being 
tightened. 

The  Columbia  nut  lock,  shown  in  Fig.  103,  is  a  sample  of 
the  second  class.  The  nut  is  compound,  the  inner  piece  being  a 
four-sided  frustum  of  a  pyramid,  the  edges  being  rounded.  This 
fits  into  a  corresponding  recess  in  the  outer  piece.  The  inner 
piece  is  also  cut  through  so  that  it  may  be  slightly  squeezed 
toorether.  The  pyramidal  form  requires  both  pieces  to  turn  to- 
gether. When  the  outer  piece  comes  in  contact  with  the  angle 
plate  it  is  forced  back  (relatively  to  the  inner  Diece)  which  squeezes 


Fig.  103.    Columbia  Nut  Lock. 


Fig.  1(M.    Gordon  Nut  Lock. 

the  inner  piece  together  and  causes  it  to  grip  the  bolt.     The  more 
the  nut  is  turned,  the  tighter  the  grip. 

The  Gordon  nut  lock,  shown  in  Fig.  104,  is  a  sample  of  the 
third  class,  although  it  is  designed  to  be  used  only  with  the  form 
of  angle  plate  which   is  shown.     In  the  form  shown  the  square 
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nuts  must  be  turned  until  one  edge  is  exactly  on  line.  A  one- 
eitrlith  tnrn  forward  or  back  will  always  accomplish  this.  Thus 
when  the  bar  is  slipped  in  all  nuts  are  absolutely  prevented  from 
turning.  The  above  designs  have  been  selected  as  mere  samples 
of  each  class  from  a  great  multitude  of  designs  of  greater  or  less 
merit  which  are  on  the  market. 

LAYING   TRACK. 

113.  Surveying.  After  the  earthwork  is  completed  and  the 
culverts  and  bridges  are  built,  the  center  line  of  the  track  must  ])e 
re-located  on  the  roadbed  surface  of  the  fills  and  cuts.  Reference 
points  should  have  been  established  during  the  original  survey  so 
that  by  the  intersection  of  two  radii  swung  from  permanently 
established  points  the  beginnings  and  endings  of  all  curves  may 
be  re-located.  Then  all  intermediate  stations  should  be  filled  in. 
A  line  of  levels  should  then   be  run   and  the  agreement  of  these 

Ft 


hi(;ht.  wrong. 

Fig.  105.    Right  aud  Wi'ong  Method  of  Laying  Ties. 

levels  with  the  designed  grade  should  be  determined.  If  the  levels 
of  the  cuts  and  fills  has  been  followed  with  sufficient  closeness 
during  construction,  there  should  be  no  discrepancy  except  that  the 
levels  of  fills  should  be  somewhat  higher  than  that  called  for  so  as 
to  allow  for  subsequent  settlement. 

114.  Laying  Ballast.  This  has  already  been  discussed  in 
§104,  as  has  also  the  policy  of  laying  the  ties  and  rails  first  and 
then  drawing  the  ballast  in  a  construction  train  on  the  poorly 
supported  track. 

115.  Laying  Ties.  ]f  the  ties  have  been  sawed  to  an  exact 
length,  the  alignment  of  one  end  will  of  course  line  up  the  other 
but  when  ties  have  been  hewed  and  chopped  off  and  sometimes  even 
when  they  have  l)een  sawed,  there  is  a  range  of  several  inches  in 
their  length  and  then  it  is  required  that  they  shall  be  aligned  at 
one  end  or  the  other.      A  little  stick  may  be  furnished   the  track- 
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men  as  a  spacer,  but  with  a  little  experience  they  will  space  the 
ties  as  closely  to  the  required  spacing  as  is  necessary.  The  ties 
should  always  be  laid  with  rings  convex  upward  rather  than  con- 
cave.  Of  course  a  pole  tie,  when  it  is  perfectly  symmetrical,  will 
be  the  same  either  way,  but  there  is  usually  a  choice,  as  is  shown 
by  the  figure.  When  the  rings  are  concave  upward  there  is  a 
greater  chance  for  water  to  soak  in  and  cause  decay.  Turning  the 
tie  the  other  way,  the  water  will  shed  off  more  freely. 

ii6.  Laying  Rails.  Eails  should  be  lair]  so  that  the  joints 
are  staggered  as  nearly  as  possible.  This  requires  a  half-rail  length 
at  the  start.  But  the  difference  of  length  of  the  outer  and  inner 
rails  of  a  curve  will  disturb  the  arrangement  of  the  joints,  no 
matter  how  perfectly  it  may  start.  These  differences  may  be  neu- 
tralized by  selecting  rails  which  are  a  foot  or  two  shorter  than  the 
usual  length.  But  the  occurrence  of  a  switch  will  require  a  read- 
justment of  the  joints,  and  may  require  a  rail  cutting  so  as  to  bring 
a  joint  where  desired.  Yery  short  lengths  of  rail  should  be 
avoided.  If  a  full  length  rail  comes  a  few  feet  short  of  a  point 
where  a  joint  i/tust  he  made,  it  should  be  cut  so  that  both  pieces 
shall  have  a  fair  length.  The  rails  are  first  laid  approximately  in 
position  and  end  to  end. 

When  placing  the  joints  on  the  rails,  allowance  must  be  made 
for  rail  expansion  due  to  temperature.  The  theoretical  amount  to 
be  allowed  is  .0000065  of  the  length  for  each  degree  Fahrenheit. 
If  it  could  be  readily  determined  just  what  is  the  temperature  of 
the  rail  (which  is  possibly  much  higher  than  that  of  the  air)  at  the 
time  the  rail  is  laid  and  also  the  highest  and  lowest  temperature 
that  it  will  ever  attain,  the  problem  would  be  compai*atively  simple, 
but  the  fact  that  these  quantities  are  so  uncertain  seem  to  render 
useless  any  attempt  at  an  exact  calculation  and  to  justify  the  rough 
and  ready  rule  of  ''allowing  -^^  inch  for  coldest  weather,  J -inch 
during  the  spring  and  fall,  and  Jg -inch  during  the  very  hottest 
weather.-'  The  allowance  of  ^i^-inch  during  the  very  hottest 
weather  is  apparently  based  on  the  idea  that  the  rails  should  never 
be  allowed  to  butt  up  against  each  other,  for  then  any  additional 
expansion  will  cause  the  rails  to  buckle.  If  a  rail  was  laid  when 
its  actual  temperature  was  00^^  F.,  its  length  of  33  feet  would  be 
increased  by  about  J  inch     if    its    temperature    were    raised    to 
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120°,  as  might  readily  happen  under  a  burning  summer  sun  when 
the  temperature  of  the  air  in  the  shade  was  perhaps  100°.  A  prac- 
tical method  of  making  an  allowance  which  would  be  sufKciently 
accurate  would  be  as  follows:  Place  a  bulb  thermometer  (one 
without  a  metal  frame)  so  that  the  bulb  lies  against  the  rail  and 
then  cover  it  up  so  as  to  protect  it  from  the  air  and  so  that  it  will 
assume  the  temperature  of  the  rail  as  closely  as  possible.  The 
expansion  of  a  38 -foot  rail  for  each  degree  is 

.0000065  X  38  X  12  =  .002571  inch. 

If  we  allow  120"  (some  allow  150)  as  the  maximum  beyond 
which  it  is  assumed  that  the  temperature  will  never  rise,  then  the 
difference  between  this  maximum  and  the  ascertained  temperature 
of  the  rail,  when  multiplied  by  the  above  allowance  per  degree, 
equals  the  gap  to  be  allowed  at  each  joint.  Strips  of  sheet  metal 
of  the  required  thickness  should  be  furnished  to  the  trackmen. 
These  strips  are  placed  temporarily  between  the  rail  ends  which 
obviates  any  necessity  for  measuring  on  their  part.  When  the 
joints  have  been  bolted  up,  one  line  of  rails  is  spiked  so  that  they 
are  at  the  proper  distance  from  the  ends  of  the  ties.  Then  by  using 
a  "track  gauge"  at  every  other  tie  the  other  line  of  rails  may  be 
spiked  down.  The  intermediate  ties  are  then  spiked.  '•  Standard" 
gauge,  which  is  in  almost  universal  use  in  this  country,  is  4  feet 
8^  inches  =  4.708  feet.  Although  the  gauging  should  be  all  right 
for  these  other  ties,  the  gauge  should  be  at  hand  to  check  the 
previous  work,  especially  if  it  is  on  a  sharp  curve.  Track  instruc- 
tions frequently  specify  that  rails  should  be  previously  bent  before 
laying  around  curves,  or  in  other  words,  that  the  rails  should  have 
the  proper  curve  when  lying  freely  on  the  ties.  Of  course  the 
necessity  for  this  increases  with  the  degree  of  curvature,  it  being 
unnecessary  for  very  easy  curves. 

The  practical  trouble  comes  at  the  joints;  the  rails  instead  of 
having  a  common  tangent  will  intersect  at  an  angle  which  is  de- 
structive both  to  the  track  and  the  rolling  stock  when  trains  are  run 
at  high  speed.  The  ideal  method  is  to  have  the  rail  bending  done 
by  rollers  in  a  rolling  mill  and  this  method  is  almost  a  necessity 
for  the  very  sharp  curvature  employed  on  some  electric  roads. 
The  field   method  is  to  use  a  "rail  bender"  which  bends  the  rail  in 
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lengths  of  about  two  feet  and  which  must  be  operated  very  care- 
fully and  skilfully  to  avoid  ruining  the  rail.  A  rail  is  bent  until, 
when  a  string  is  stretched  from  the  inside  of  the  head  at  one  end 
to  the  inside  of  the  head  at  the  other  end,  the  distance  from  the 
middle  point  of  the  string  to  the  inside  of  the  head 
at  the  middle  of  the  rail  is  as  computed  below: 

In  Fig.   106,   since  the  triangles   AOE   and 
ADC  are  similar,  AG  :  AE  ::  AD  :  DC,  or  R  = 

-^  AD^  -^  ./*.     When  as  is  usual,  the  arc  is  very 

short   compared   with    the  radius,   AD  =  -^  AB 
very  nearly.     Making  this  substitution,  we  have 

R  =  -g^  (very  nearly)  (54) 

Inverting  the  formula  we  have  the  formula  required  for  present  use: 

chord- 


X  = 


8R 


(very  nearly)  (55) 


Although  not  mathematically  accurate,  the  maximum  error  in  any 
practical  case  is  far  within  the  attainable  accuracy  using  a  string. 

Example.  What  should  be  the  middle  ordinate  for  the  outer 
rail  (38  feet  long)  for  a  6  degree  curve  ?  We  will  call  the  chord 
33  feet  since  the  slight  inaccuracy  involved  only  tends  to  neutral- 
ize the  inaccuracy  of  the  formula.  E.  =  955.37  +  2.35  =  957.72. 
Then  33'  (which  equals  1089)  divided  by  (8  X  957.72)  =  .142 
foot  or  1.70  inches.  If  a  similar  calculation  is  made  for  the  inside 
rail  the  difference  in  the  ordinate  is  less  than  .01  inch,  which  shows 
that  unless  the  curvature  is  excessively  sharp  there  is  no  need  to 
make  the  allowance  for  half-gauge  (2.35,  as  is  done  above)  nor  even 
to  use  great  accuracy  in  the  decimals.  A  table  giving  the  middle 
ordinates  for  33-foot  rails  for  different  degrees  of  curvature  is  a 
desirable  part  of  the  equipment  of  each  track  foreman. 

The  spikes  on  the  opposite  sides  of  a  rail  shguld  be  driven 
"  staggering,'-  so  that  there  will  be  less  tendency  to  split  the  tie. 
The  direction  of  the  staggering  should  be  reversed  at  the  two  ends 
of  the  tie,  so  as  to  prevent  a  loosening  of  the  hold  of  the  spikes. 
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such  as  would  occur  if  the  reverse  method  were  used  and  the  tie 
were  to  become  fastened  in  the  ballast.  Such  an  item  of  construc- 
tion, while  very  simple,  is  of  vital  importance^ 

117.  Surfacing.  Track  centers  (stakes)  having  been  placed 
in  line,  the  alignment  of  the  track  is  made  perfect.  The  rail  lay- 
inor  should  have  been  done  with  the  rails  a  few  inches  below  their 
proper  grade.  Then  jacks  are  placed  under  the  ties  (or  rails,  as 
most  convenient)  and  the  track  is  raised  to  grade,  as  given  by 
grade  stakes  which  should  have  been  previously  set.  Using  tamp- 
ing picks  or  shovels,  the  ballast  is  jammed  under  the  ties  until 
^^^  they  are  solid  at  the  desired  grade.     Picks  or 

^J  tamping  bars  are  best  for   tamping  broken 

^t         ^^  stone  ballast,  but  gravel  can   be  most  easily 
^B^  ^W     tamped  with  shovels. 

^^^^^f  >>^-     Super^elevation  of  the  Outer  Rail 

^^^^V  on  Curves.      It  is  one  of  the  demonstrations 

^^HT^  of  physics  that  the  force  required   to  make  a 

^^^^  mass  move  in  a  circular  path  equals  Gy;"  -^- 

^H  r/Ii,  in  which  G  is  the  weight,  v  the  velocity 

^^H  in   feet  per  second,  (j  the  acceleration  of  the 

^^H  force  of  gravity  in   feet  per  second  in  a  sec- 

^^^^|B  ond,  and  K  the  radius  of  curvature.     If  the 

^^^B^^^  rails  on  a  curve  were  level  transversely,   such 

a  force  could  only  be  furnished  by  the  pres- 

^'^-  'aangjieJ?''''''"'      sure  of  the  wheel  flanges  against  the  rail.     To 

avoid  this  objectionable  pressure,  the   outer 

rail   is  elevated  until  the  inward  component  of  the  inclined  wheel 

pressure  equals  the  computed  centripetal  force  required. 

In  Fig.  108,  oh  may  represent  the  resultant  pressure  on  the 
rails  at  the  same  scale  at  which  on  represents  the  weight  G.  Then 
ao  is  the  required  centripetal  force.  From  similar  triangles,  we 
may  write  nn  :  sm  ::  ao  :  <>e.  Call  g  =  32.17.  Call  li  =  5730 
-i-  D,  which  is  sufficiently  accurate  for  tlie  purpose,  ('all  v  = 
5280Y  -^  3600,  in  which  V  is  the  velocity  in  miles  per  hour. 
mil  is  the  distance  between  rail  centers,  which  for  an  80-lb.  rail 
and  standard  gauge  is  4.916  feet;  sni  is  slightly  less  than  this.  As 
an  average  value,  call  it  4.900,  which  is  its  exact  value  when  the 
super-elevation  is  4|  inches.     Calling  sn  =  e,  we  hav^e 


214 


HAILROAD  ENGINEERING 


183 


an  <.W    1 

<   =  .()0()0572V-D 


4.9^  X  528Q^V^D 
827n^lS5()(F>r578() 
(56) 


Studying  tlie  above  forniulH,  it  will  first  be  noticed  that  the 
required  super-elevation  varies  as  the  aquare  of  the  velocity,  which 
means  that  a  change  of  velocity  of  only  10  per  cent  would  require 
a  change  of  super-elevation  of  21  per  cent.  Since  traift  velocities 
over  any  road  are  so  very  variable,  it  shows  that  it  is  impossible  to 
make  any  super-elevation  lit  all  trains  even  approximately.  There 
are  several  approximations  in  the  above  formula,  but  none  of  thsm 
will  affect  the  result  as  much  as  a  change  of  less  than  one  per  cent 
in  the  velocity. 

Practical  Rules.  A  very  simple  and  commonly  used  rule  is 
to  elevate  one  inch  for  each^degree  of  curvature.  This  rule  agrees 
with  the  above  formula  when  the  velocity 
is  ah)out  38  miles  per  hour.  If  a  train  is 
running  slower  than  the  speed  for  which 
the  super -elevation  was  designed,  the 
practical  effect  is  to  relieve  the  pressure 
against  the  outer  rail  which  still  exists  in 
spite  of  super-elevation  on  account  of  the 
necessity  of  turning  the  groups  of  four 
or  six  wheels  under  a  truck  or  engine. 
Therefore  the  better  plan  is  to  elevate  for 

the  fastest  trains.  Thirty -eight  miles  an  hour  is  so  near  the  max- 
imum for  a  light  traffic  branch  line,  that  the  above  rule  is  very  fair, 
although,  of  course,  not  so  good  as  a  more  accurate  one. 

Another  rule,  which  is  especially  good  for  track  maintenance 
when  the  track  foreman  may  not  even  know  the  degrefe  of  curve,  is 
developed  as  follows:  Assume  that  x  in  equation  55  is  equal  to  e 
in  equation  56,  and  we  have 

?^^  =  .0000572  Y^D 

but  since   D  =  5730  -^  R,  we  have 
chorfF  =  2.621  Y^  and 
chord  =  1.62  Y  (57) 


Fig.  108. 


215 


1^ 


Hailroad  engineerings 


Assnnie  that  the  limit  of  50  miles  per  hour  is  set  as  the 
speed  of  the  fastest 'trains,  then  chord  =  1.62  X  50  =  81  feet. 
This  means  that  if  a  string  or  tape,  having  a  length  of  81  feet,  is 
stretched  between  two  points  at  that  distance  apart  on  the  inner 
head  of  the  outer  rail,  the  length  of  the  ordinate  at  the  middle  of 
the  string  equals  the  required  super-elevation  for  50  miles  per 
hour.  Similar  computations  can  be  made  and  tabulated  for  all 
other  desired  speeds.  On  double  track,  since  the  speed  on  an 
ascending  grade  will  almost  certainly  be  less  than  the  speed  of 
trains  coming  down  that  grade,  there  should  theoretically  be  a 
difference  in  the  super-elevation  to  allow  for  this  difference  of 
speed.  On  some  roads  the  track  instructions  contain  specific 
instructions   to  allow   for  this. 


up. 


SWITCHES   AND   TURNOUTS. 
Switch  Construction.     The  universal  method  of  keep- 


ing the  wheels   of  railroad   rolling   stock  on   the   rails  is  to  put 


Fig.  110.    Point  Switch. 

flanges  on  the  inner  edges  of  the  wheels.  When  the  wheels  are  to 
be  led  away  from  the  main  track,  it  must  be  done  by  creating  a 
new  pathway  for  these  flanges.  This  is  done  by  leading  the  wheel 
flanges  thnnigh  the   rails  or  by  raising  the  wheels  sufficiently  so 
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that  they  may  pass  (rver  the  rails.  .  Both  methods  wilJ  he  de- 
scrihed.  The  method  of  leading  the  lianges  through  the  rails  is 
most  commonly  used  since  it  does  not  require  rah'nnj  the  rolling 
stock  over  the  rail. 

When  the  rails  are  first  led  out  from  the  main  track,  it  must  be 
done  by  one  of  two  general  methods,  the  stub-switch  method, 
illustrated  in  Fig.  109,  or  by  the  point-switch  method,  illustrated 
in  Fig.  110,  Of  course  these  figures  are  only  diagrammatic  and 
it  should  be  at  once  understood  that  in  these  figures  as  well  as  in 
many  others  in  this  chapter,  it  has  been  necessary  to  use  very 
short  radii,  very  wide  gauge,  and  very  large  frog  angles  in  order 


Fig.  111.    Details  of  Point  Switch. 

to   illustrate  the  principles   by  figures  which  are  suitable  for  the 
page  and  which  would  at  the  same  time  be  intelligible. 

The  use  of  the  stub  switches  is  now  confined  to  the  cheapest 
of  yard  work  or  private  switches  which  run  off  from  sidings.  They 
should  never  be  used  in  any  main  track.  Their  construction  may 
be  implied  from  Fig.  109.  The  pair  of  movable  rails  are  tied 
together  at  the  proper  gauge  by  tie  rods.  The  two  pairs  of  stub 
ends  are  of  course  fixed.  The  details  of  a  point  switch  are  illus- 
trated in  Fig.  111.  Note  that  one  rail  on  each  side  is  absolutely 
unbroken.  The  other  rail  has  nearly  all  of  the  head  cut  away  and 
a  part  of  one  flange.  The  other  flange  and  the  web,  with  that 
part  of  the  head  immediately  over  the  web  still  remains.  The  tie 
rods  which  are  clearly  shown  connect  this  pared-down  rail  with  a 
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similar  rail  on  the  other  side.  The  last  tie  rod  has  an  extension 
to  which  the  switch-w-od  froni  the  switch  stand  is  attached.  The 
niovincr  rail  slidies  on  tie  plates  which  have  rail  braces  on  the  onter 
ends  which  stiffen  the  rail  against  the  unusual  lateral  strain  to 
which  it  is  subjected.  The  angle  of  these  switch  points  is  gener- 
ally r  50'. 

Simteh  Stands.     One   type  of  switch  stand,  which  also  com- 
bines a  semaphore  (or  signal  which  shows  its  position)  is  shown  in 


Fig.  112.    Switch  Stand. 

Fig.  112.  The  mechanism  is  of,  course  covered,  the  cover  being 
indicated  by  the  faint  lines.  The  type  shown  is  but  one  of  a 
multitude  for  which  there  is  no  space  here. 

Guard  Rails.  These  are  shown  opposite  the  frogs  in  both 
Figs.  109  and  110.  They  obviate  any  danger  of  the  wheel  run- 
ning on  the  wrong  side  of  the  frog  point  and  also  save  the  frog 
])oint  from  excessive  wear.  The  flange- way  space  between  the 
heads  of  the  guard  rail  and  the  wheel  rail  must  therefore  not 
exceed  a  definite  quantity,  which  is  made  about  two  inches.  Since 
this  is  less  than  the  distance  between  the  heads  of  two  ordinary 
sized  rails  when  placed  base  to  base,  to  say  nothing  of  any  space 
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for  spikes,  the  base  of  the  guard  rail  must  be  cut  away  somewhat. 
These  guard  rails  are  made  from  10  to  15  feet  long  and  are  bent  a 
few  feet  from  each  end  so  that  there  shall  be  no  danger  that  a 
wheel  flange  shall  strike  the  ends. 

Frogs.  When  the  outer  switch  rail  reaches  the  opposite 
main  rail,  the  wheel  flange  must  either  pass  f/n'omjh  the  head  of 
the  main  rail  or  the  wheel  must  be  raised  so  that  the  flange  may 
pass  over  the  rail.  The  most  commonly  used  frogs  are  those  of  the 
type  of  which  the  wheel  flange  passes  through  the  head  of  the  rail. 
The  geometrical  outline  of  such  a  frog  is  shown  in  Fig.  113. 

The  frog  iixiinber  may  be  found  by  dividing  the  distance  from 
the  ^'  point "  to  any  chosen  place  by  the  width  of  the  frog  at  that 
place,  or  in  the  figure  eh  -^  <ih.  But  since  c  is  the  imaginary 
intersection  of  the  sides  produced  and  is  not  easily  determinable 
with   accuracy   on    the   frog,  it  is  sometimes  easier  to  measure  the 
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Fig.  113.    Diagram  of  Frog. 


width  at  two  places  {ed  and  ah^  and  then  divide  the  sum  of  those 
widths  by  the  total  distance  .vA;  this  will  give  the  same  result  as 
before.  This  measuring  may  l^e  done  with  any  convenient  unit  of 
length  such  as  a  pencil  or  a  spike.  Find  the  place  where  the 
width  of  the  frog  just  equals  the  unit  of  length  and  then  step  off 
that  distance  to  the  "  point."  The  fundamental  objection  to  all 
frogs  of  this  type  is  that  they  make  a  break  in  the  main  rail 
which  causes  a  jar  when  a  train  is  run  over  the  frog  at  high  speed. 
If  the  frog  is  made  ''  stiff"  as  is  illustrated  in  Fig.  114,  the  track 
has  the  advantage  of  being  literally  .sf^^,  but  the  wheels  have  to 
run  over  the  gap.  The  design  shown  in  the  figure  aims  to  obviate 
any  drop  of  Jhe  wheel  at  any  point  and  this  will  be  fairly  accom- 
plished as  long  as  the  hardened  steel  faces  can  resist  the  wear 
which  is  very  severe  in  the  older  and  commoner  designs. 
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The  "spring-rail"  frog,  illustrated  in  Fig.  115,  is  an  attempt 
t6  obviate  the  gap  for  main  line  trains.  Wheel 
flanges  running  on  to  the  switch  force  back  a  por- 
tion of  the  main  track  rail  which  is  normally  held 
in  place  by  a  heavy  spring.  Kunning  on  to  the 
switch  is  supposed  to  be  done  at  comparatively 
slow  speed,  which  permits  the  rail  to  be  forced 
back  without  danorer  of  derailment.  But  since 
the  main  rail  is  kept  in  place  by  the  pressure  of  a 
spring,  the  frog  lacks  the  stiffness  of  a  "stiff"  frog. 
The  method  of  raising  the  wheel  and  carrying  it 

j1)  IM'! Q  over  the  main  rail  is  illustrated  in  Fig.  116,  which 

shows  one  of  the  many  devices  to  accomplish  this 
end.  The  method  has  the  very  positive  advantage 
of  leaving  the  main  track  absolutely  unbroken. 

In  Fig.  117  is  shown  a  method  of  avoiding  a 
break  even  at  the  switch.  The  switch  rails  are  at 
the  level  of  the  main  rails  at  the  switch  point  but 
gradually  rise  higher  until  the  wheel  flange  is 
high  enough  to  cross  over  the  main  rail.  Such 
a  switch  must  be  operated  at  slow  speed. 

120.  Mathematical  Design.  In  all  of  the 
following  demonstrations,  the  track  lines  repre- 
sent the  gauge  lines  or  the  lines  of  the  inside 
head  of  the  rails.  The  older  formulae,  which  are 
still  in  extensive  use  on  account  of  their  simplic- 
ity, all  assume  that  the  switch  rails  are  bent  to 
arcs  of  simple  curves  extending  from  the  switch 
point  to  the  frog,  and   that   they   are   tangent  to 


Section  A-A 
Fig.  114.    Anvil-face  Frog. 


the  main  rails  at  the  switch  point.     On   account   of  its   common 
use  and  also  because  it  forms  a  fitting  introduction  to  the  more 
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exact  method,  it  will  be 
given.  In  all  of  the  fol- 
lowing  demonstrations, 
the  following  notation 
will,  for  simplicity,  be 
kept  uniform.  R  will 
represent  the  radius  of 
curvature  of  the  main 
track,  if  it  is  curved, 
and  /•  is  the  radius  of 
the  switch  rails.  F  will 
always  represent  the  frog 
angle,  and  g  the  gauge 
of  the  track.  L  will  rep- 
resent the  "lead"  or  the 
distance  measured  on 
the  main  track  from  the 
switch  point  B  to  the 
frog  point  F. 

The  angle  FOD  in 
Fig.  118  equals  the  angle 
F,  and  BD  is  the  versed 
sine  of  F  to  the  radius 
FO.  From  this  relation 
we  may  derive  the  equa- 
tion 
1 


'•  +  -9-i/ 


(/ 


(58) 


vers  F 
also,  since  BF  ^-  BD  = 

cot-^F,   BD  =  (J  and 

BF  =  L,  we  have 


L  =  ^cot  — F       (59) 


Also, 


L=   yr  -f  -^  (/)  sin  F 
(60) 


o 


V-,- 

r 

it  c 


I 
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and 


QT  =  2rsin-yF 


(61) 


All  of  the  above  formulae  involve  the  angle  F.  lieference  to  Table 
III*  will  show  that  with  one  chance  exception  the  values  of  F  are 
always  odd  and  the  accurate  computation  of  .their  trigonometrical 
functions  is  tedious.  Fig.  119  shows  that  the  ratio  of  the  length 
to  width  of  a  frog,  or  pe  -^  ah,  which  is  called  n,  is  also  equal  to 

^  cot  -ij-F.     This  relation   can  be  used  to  derive   the  following 

marvellously  simple  formula?: 


Fig.  116. 
bince  \j  =  (/  cot-^  1%  and  /i  =■  -^-cot-^  h,  we  may  at  once 


derive  the  equation 


L  =  2!/u 


(62) 


But  in   Fig.  120  the  line  QZ,  drawn  midway  between   the  rails, 
bisects  DF  at  Z  and  also,  since  DQ  is  one-half  of  I)B,  QZ  is  one- 


half   of    BF  or  =-  ^L. 


OQ 


r  and  the   angle  ZOQ  =  —  F. 


♦See  Webb's  "Trigonometric  Tables,"  published  by  American  School  of  Correspond- 
ence. Chicago,  111.    Price,  50c. 
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Then 


1 


cot-^F,  from  which 


7*  =  rilu 
Combining  equations  61  and  62,  we  have 

r  =  2gn^ 


(63) 


(64) 


The  above  relations  only  lack  the  merit  of  correctness  of 
application  to  make  the  whole  subject  very  simple.  They  were 
first  devised  when  stub  switches  were  in  universal  use  and  althouo-h 


Fig.  117. 

it  is  theoretically  possible  to  make  a  stub  switch  conform  to  these 
lines,  it  is  impracticable  even  there.  But  with  point  switches, 
which  are  in  almost  universal  use,  the  switch  rail  makes  an  angle 
which  is  usually  1°  50'  with  the  main  rail.  The  frog  rails  are  also 
made  straight. 

The  effect  of  each  of  these  changes,  taken  separately,  is  to 
shorten  the  lead.  The  combined  effect  is  to  shorten  the  lead  from 
15  to  25  per  cent.  In  Fig.  121,  DM  represents  the  straight  point 
rail  and  HF  the  straight  frog  rail,  the  two.  being  connected  by  the 
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arc  MH,  tangent  to  both.     The  central  angle  of  this  arc  is  there- 
fore (F  -  a),  a  being  the  angle   (MDN)   of  the  point  rail.     The 

chord  Mil  makes  an  angle  with  the  main 

rails  which  equals 

i-(F-a)  +  a  =  ^l{F  +  a)       ' 

(all  FIX  =/and  MN  r=  /?•.  Then  IIM  sin 
-^  (F  +  a)  =  (/  -/sin  F  -  I:     But  IIM  =: 

(/'  +    i)  {/)  2  sin  -^y  (F  -  a).     Substituting 
this  value  of  IIM  in  the  previous  equation 
and  solving  for  (/'  +    9  f/)  we  have 
(/  -fa'm  F-k 


2  sin  -^"{F  +  a)  sin    ^  (F  -  a) 


(/  -/sin  F  -k 


(65) 


cos  a  —  cos  F 
ST  =  2/' sin -^(F- a)   (66)    ^ 

The  lead  BF  =  L  =  IIM  cos  ^ 

(F  +  a)+/cosF  +  DN 


Fig.  119. 


Fig.  ]2(). 


=  {(J  -f  sin  F  -  I')  cot  -^  (F  +  a)  +  / 
cos  F  +  DN  (67) 

If  ('"  +  "2"  ^)  ^^s  already  been  computed 

numerically  from  equation  05,  it  will  be 
more  simple  to  compute  L  as  follows: 

L  =  2  (/'  +  --^  J)  sin    ^   (F  -  a)  cos  -^• 
(F  +  a)  +/cosF  +  I)N 


=  (''  +  -^r/)  (sin  F  -  sin  a)  -f/cos  F  f  DX  (68) 
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If  the  lead  is  computed  for  a  turnout  from  a  straight  track 
using  a  No.  D  frog,  a  straight  point  rail  and  frog  rail  of  the  dimen- 
sions given  in  the  middle  section  of  Table  III*,  it  will  be  found 
that  the  lead  becomes  72.20  instead  of  84.75,  the  corres{)onding 
dimension  assuming  that  the 
lead  rails  were  circular  through- 
out. Table  III*  was  computed 
on  the  basis  of  the  above  equa- 
tions and  the  point  switch  di- 
mensions which  are  in  general 
use.  The  two  references  to  sec- 
tion numbers  in  the  table  are  to 
sections  in  Webb's  "  llailroad 
Construction,"  from  which  the 
tables  were  taken. 

121.  Turnout  from  the 
Outer  Side  of  a  Curved  Track. 
the  dimensions  of  a  turnout,  from  a  curved  track  on  the  basis  of 
using  straight  point  rails  and  straight  frog  rails,  it  not  only  renders 
the  demonstration  exceedingly  complicated,  but  it  would  involve 
assumptions  regarding  the  mechanical  construction  which  probably 
would  not  be  followed  in  practice.  Therefore  the  following  dem- 
onstration is  given  with  the  purpose  of  showing  the  effect  on  the 


Fig.  121. 


When  it  is  attempted  to  compute 


Fig.  1±2. 

switch  dimensions  of  curving  the  main  track,  the  switch  rails  being 
circular  throughout,  and  then  drawing  a  reasonable  inference  as  to 
the  dimensions  which  should  be  followed  for  j)oint  switches  from  a 
curved  main  track.     In  the  triangle  FCD,  in  Fig.  122,  we  have 

•See  Webb's  "Trigonometric  Tables,"  published  by  Amerlcau  School  of  Correspond- 
ence, Chicago,  III.    Price,  30c. 
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(FC  +  CD)  :  (FC  -  CD)  :  :  tan  A  (FDC  +  DFC)  :  tan-^ 
FD(^-DFC);  but    I    (FDC   +   DFC)  =  90"  -    I    6,  and  \ 
{YDV  -  DFC)  =  -,,-  F;  also  FC  +  CD  --  2KaiKl  Vi)  -  CD  -==  y; 
.-.  2ii  :  y  :  :  cot  -,y  6  :  tan      ^^    F 


:  :  cot 

1 
2 

F 

:  tan 

1 
2 

e 

1 
an    ,, 

(9  = 

—  _ 

(jn 

- 

Also,         OF  :  FC  :  :  sin  6  :  sin  (/>;      but  <^  =  (F  -  6) 

1  /r.         1     \        sin  (9  ,       . 

tlieii  r-^    ~j^j^{R  +  -j  ^^^__-_^.        (70) 

BF  :=  L  =.  2  (r  -f  4   </)  sin  4   ^         (71) 


The  lead. 


A  study  of  the  three  equations  above  will  show  that  as  tlie 
curvature  of  the  main  track  increases  and  li  grows  less,  tan  6 
increases  and  0  increases.  Then  (F  -  0)  decreases  and  r  increases. 
When  0  =  F,  as  it  readily  may,  (F  -  ^)  =  0  and  /•  becomes  infin- 
ity, that  is,  the  switch  rails  become  straight.  If  6  becomes  greater 
than  F,  sin  (F -^)  becomes  negative  and  /*  becomes  negative. 
The  interpretation  of  this  is  that  the  center  of  the  switch  track  will 
be  on  the  same  side  as  the  center  of  the  main  track.  The  figure 
will  then  correspond  with  Fig.  123  except  that  the  positions  of  O 
and  C  and  also  of  <^  and  ^  will  be  transposed  and  also  that  "  main 
track"  should  read  "side  track."  Equations  73  and  75  will  be 
the  same  as  before,  but  ecpiation  74  will  be  changed  to 

/  1      \         /T>     .      1      X        sin  0 

If  we  call  f/  the  detrree  of  cui-ve  c'()rres])()n(lin(r  to  thera<lius  /\ 
I)  tlie  degree  of  curve  corresponding  to  the  radius  K,  and  d/  the 
degree  of  curve  of  a  turnout  from  a  straight  track  for  the  same 
frog  angle  F,  it  will  be  found  that  d  =  d'  -  D  very  nearly.     It 
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will  also  be  foand  that  the  '*  lead  "  as  computed  above  and  as  com- 
puted  for  a  straight  track  will  agree  to  within  a  few  inches  and 
frequently  to  within  a  fraction  of  an  inch. 

Exumple.  Compute  from  the  above  equations  the  values  of 
L  and  r  (and  then  of  //)  for  the  cases  when  the  main  track  has  a 
4'  degree  curve  and  when  it  has  a  10'  curve;  solve  them  for  num- 
ber (),  9  and  12  frogs.  This  makes  six  cases.  Compare  them  with 
values  computed  by  the  approximate  rule. 

In  all  these  cases  it  may  be  shown  that  the  discrepancies  are 
very  small.  If  such  calculations  are  made  for  very  sharp  curves 
and  for  very  large  frog  angles  (which  must  be  considered  as  bad 
practice),  the  discrepancies  would  be  considerable,  but  since  such 
turnouts  (if  ever  made)  should  be  operated  at  very  slow  speeds,  the 
errors  would  have  but  little  practical  importance.  Therefore  we 
are  justified  in  applying  the  approximate  rule  for  turnouts  from  a 
curved  track^ — use  the  same  '*  lead  "  as  for  straight  track;  the  de- 
gree of  curvature  for  the  switch  rails  to  the  outside  of  the  main 
track  will  be  the  difference  of  the  degree  of  curve  for  the  main 
track  and  the  tabular  value  for  the  degree  of  curve  of  the  switch 
rails;  for  a  turnout  to  the  inside  of  a  curved  main  track  it  may  be 
similarly  shown  that  the  proper  degree  of  curve  for  the  switch' 
rails  is  the  sum  of  the  detjrees  for  the  main  track  and  the  tabular 
value  for  the  switch  rails  from  a  straight  track. 

Also,  since  it  may  be  shown  that  the  effect  of  using  straight 
point  rails  and  straight  frog  rails  is  to  shorten  the  lead  and  to  lessen 
the  radius  in  approximately  the  same  proportion,  it  may  be  assumed 
without  material  error  that  we  may  apply  the  same  rule  as  above, 
and  instead  of  taking  the  values  of  '•  lead  "  and  "  degree  of  curve  " 
for  the  switch  rails  from  the  tabular  form  which  uses  circular 
switch  rails  throughout,  we  may  take  them  from  the  revised  form 
using  straight  switch  rails  and  straight  frog  rails  and  apply  the 
same  rule. 

122.  Turnout  from  the  Inner  Side  of  a  Curved  Track.  By 
the  formation  of  precisely  similar  equations  as  were  used  in  the 
previous  section,  we  may  derive  the  equation 

'^"T^  =  -?^  (73) 
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From  the  triangle  OFC  we  may  derive 
OF  :  FC  ::  sin  6  :  si;i  (F  +  (9),  from  which 


sin  6 


sin  (F  -h  0) 
The  lead  BF  -=  L  =  2  (ll  -  ^  (/)  sin    J    6 


(74) 
(75) 


The  details  of  the  solution  of  the 
above  equations  should  l)e  worked  out 
by  the  student;  also  a  numerical  dem- 
onstration of  the  fact,  already  referred 
to,  that  the  degree  of  the  turnout  (<^/) 
is  very  nearly  the  sura  of  the  degree 
of  the  main  track  (D)  and  the  degree 
(^d')  of  a  turnout  from  a  straight 
track  when  the  frog  angle  is  the  same. 
It  will  be  found  that  the  discrepancy 
in  these  cases  is  somewhat  larger  than 
in  the  previous  case,  although  it  is  still  so  small  that  it  may  be 
neglected  when  the  curvature  of  the  main  track  is  small.  An  in- 
spection of  the  figure  will  show  that  when  the  curvature  of  the 
main  track  is  sharp  the  curvature  of  the  turnout  is  very  excessive. 
Such  conditions  should 
be  avoided  if  possible, 
that  is,  a  turnout  should 
not  be  located  on  the  in- 
side of  a  very  sharply 
curved  main  track  if  it 
can  be  avoided. 

123.  Numerical 
Examples.  1.  Deter- 
mine the  lead  and  the  ra- 
dius of  curvature  for  a 
turnout  to  the  outside  of 
a  4"^  30'  curve  using  a  No.  -S  frog  and  a  point  switch. 

2.     Determine   tlie  lead  and   tlie  ladius  of  a  curvature  for  a 
turnout  to  the  inside  ()f'  a   ;i   40'  curvt 
point  switch. 


~?f 


!i--. 


¥\^.  124. 


usintT  M  No. 


7  frocf  and 
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In  each  of  the  above  examples  use  the  switch  point  angles, 
length  of  switch  point  and  length  of  straight  frog  rails  as  given  in 
Table  III*. 

124.  Connecting  Curve  from  a  Straight  Track.  The  *'con- 
necting  curve"  is  that  part  of  the  siding  between  the  frog  and  the 
point  where  the  siding  l)ecomes  parallel  with  the  main  track,  or 
the  distance  FS  in  Fig.  124.  Call  d  the  distance  between  track 
centers.  The  angle  FO,R  must  equal  the  angle  F.  If  we  call  r' 
the  radius  of  the  connecting  curve,  we  may  say 


(/-4f/)Bii^F  (77) 


FK 


The  distance  FR  may  be  shortened  somewhat  by  the  method 
indicated  in  Fig.  129.  Theoretical  accuracy  would  apparently  re- 
quire that  we  should  consider  a  short  length  of  straight  track  at 
the  point  F.  The  effect  may  readily  be  shown  to  shorten  the 
radius  /  and  to  shorten  the  distance  FR  by  an  amount  exactly 
equal  to  the  length  of  the  straight 
frog  rail,  but  in  actual  track  laying 
such  a  procedure  might  be  consid- 
ered a  useless  refinement.  And 
therefore  in  this  case  as  well  as  in 
the  succeeding  similar  cases,  the 
effect  of  the  straight  frog  rail  will  be 
ignored.  It  should  likewise  be  noted 
that  the  figure  has  been  drawn  for 
simplicity  as  if  the  switch  rails  were 
circular.  But  since  the  point  O.^  has 
no  connection  with  the  demonstra-  y'\^.  125. 

tion,  it  is    immaterial  what  is  the 

form  of  the  switch  rails  back  of  F.     This  same  remark  applies  to 
the  followino-  siuiilar  demonstrations. 

125.  Connecting  Curve  from  a  Curved  Track  to  the 
Outside.  As  in  the  previous  case  the  only  required  quantities  are 
the  radius  v  of  the  connecting  curve  from  F  to  S,  Fig.  125,  which 

♦See  Webb's  "Trigonometric  Tables,"  published  by  American  School  of  Correspond- 
ence, Chicago,  111.    Price,  50c. 
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must  be  determined  from  /■  and  the  angle  </>  (=  F  +  i/r).  P'rom 
the  triangle  CSF  we  may  write 

CS  +  CF  :  CS  -  (^.F  ::  tan  -^(CFS  +  CSF)  :  tan  I  (CFS  -  CSF) 
but-ij-(CFS  +  CSF)  =  90"  — :yylr',  and  since  the  triangle  0,SF 
is  isosceles,  -^  (CFS  -  CSF)  =-^F. 


1*  1 

.*.  211  -\-  d  :  d  -  (J  : :  cot  -,y  -v/r  :  tan  — ^  F 


::  cot  -^  F  :  tan  -k-'^  from  which 

1  %i  id  -  q\  /^o\ 

From  the  triangle  CO^F  we  may  derive 

,r  -  -^  y  :  R  +  -^   (J  ::  sin  ^  :  sin  (F  +  ^) 


Also 


-T^^V^-^T^>'sin7F^ 


(F  +  ^) 


(79) 


FS  =  2(r-  i--  </)sin  i-    (F  +  ^I^)  (80) 


Fig.  126. 
ind  finally  that 


126.    Connecting  Curve  from 
a  Curved  Track  to  the   Inside. 

There  are  three  solutions  accord- 
ing as  F  is  greater  than,  equal  to, 
or  less  than  '^.  In  the  first  case, 
we  may  readily  deduce,  as  in  the 
previous  section,  from  the  tri- 
angle  CFS  (see  Fig.  126)  that 

(2R-6Z)  \{d-(j)  ::cot-2-^ 

:  tan  -ly  Y 


1  2n(d-(J) 

^^''   2  ^         2R-^ 


(81) 
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And  as  before,  in  equations  78  and  79,  we  may  derive 

FS  =  2  (  r-  ~y  (J  ^sin  -^  (F  -  i/r) 


Hnd 


(83) 


When  -^  —  F,  equation  80  will  become 

2    ^   ~  27i~ 
2R-(i 


tan 


2R-d 

^n'  [d  -  g) 

This  equation  gives  the  value  of  R 
which  makes  this  condition  possible. 
If  we  make  F  =  "^  in  equations  81 
and  82,  we  lind  in  the  tirst  case  that 
r  is  infinite,  which  means  that  the 
track  is  straight,  and  in  the  second 
case  that  FS  =  infinity  times  zero, 
which  is  ''indeterminate."  But  from 
the  fiornre  itself  we  may  readily  see 
that 


from  which  we  may  derive 

(84) 


FS  =  (  R  -  4-  r/)  si^i  "^    (S5)  Fig.  127. 


Wh. 


"^  we  may  derive  the  value  of  tan  -^  "^  to  be  the 

the  same  algebraically  as  in 
equation  81,  although  the 
figure  is  so  different.  By  the 
same  method  as  before  we 
may  derive  for  the  value  of  r 
the  equation. 


Fig.  128. 


sin-^ 

sin  (^  ^^ 


(k-I,) 


Also  FS  =  2  (/•  +  -^  </)  sill  ~j  (^  -  F) 


(86) 
(87) 
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127.     Crossover  Between  Two  Paraliel  Straight  Tracks.    As 

in  the  previous  cases^  although  the  figures  are  drawn  for  simplicity 
with    switch    rails    as    simple   curves,    the    demonstrations    only 

involve  the  frog  angles  and  the  na- 
ture of  the  track  beyond  the  frog. 
The  better  method  is  that  shown  by 
the  full  lines,  when  the  track  is 
straight  between  the  frogs.  But 
this  consumes  so  much  of  the  main 
track  (many  times  what  is  indicated 
in  the  distorted  figure)  that  a  re- 
versed curve  (as  is  indicated  by  the 
dotted  curves)  may  be  used.  The 
length  of  the  straight  crossover  track 
is  RT. 


EjT  sin  Fj  +  (J  cos  Fj  =  d  -  g 

F,T  =  -i^^  -  q  cot  F, 
^  sin  F,       *'  * 


(88) 


The  total  distance  along  the  track  is 
])Y  -  D,F,  +  YF,  +  F,D,  -  D,F,  +  XY  -  YF,  +  F,D, 
Imt  XY  rr=(^7  _  g)  cot  F,  and  XF,  =  g  ~  sin  F^ 

\  I)V  =  D,F,+  {(I  -g)  cot  F - 


I 
sin  F, 


^  +  I>.1"'.      (89) 


If  a  reversed  curve  with 
equal  frogs  is  used,  we  will 
have  the  construction  as  is 
indicated  by  the  dotted  lines, 
and  we  liave 


d_ 
27' 


vers  6 

also 

DQ  =  2/'sin(9 


(90) 


(91) 


Fig.  130. 


If  it  should  for  any  reason  be  necessary  to  use  frogs  of  differ- 
ent sizes,  it  may  be  done,  but  the  point  of  reversed  curve,  instead 
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of  being  in   the  exact  center,  will  be  as  is  indicated  in  Fig.  130. 
In  this  case  we  will  have 


r.^  vers    Q   -(-  i\  vers  6  ^=  d 
d 


.'.  vers  0  =  ;; — •  (92) 

The  distance  aloncr  the  track 
will  depend,  as  before,  on  the 
length  of  the  ''lead"  for  each 
switch.  If  it  were  circular, 
as  indicated  in  the  figure,  we 
would  have 

B,N  =  (y,+r,)  sin  0(93) 

but  the  true  lead  for  point 
switches  would  be  less  than 
this  by  the  difference  be-    \ 
tween  the  true  L  and  (/•  + 

-^  g)  sin  F.    Therefore,  this 

correction  should  be  computed  and  subtracted  for  each  switch. 

128.     Crossover  Between  Two  Parallel  Curved  Tracks.    In 

the  previous  case  there  is  no  practical  limitation  as  to  frog  num- 
bers, but  in  this  case  there  are  limitations  on  what  frogs  are  j)er- 


Fig.  131. 


Fig.  132. 

missible.  If  the  connecting  track  is  straight,  there  are  still  three 
cases  depending  on  the  value  of  Fj,  as  in  section  121.  Two  of 
these  cases  are  illustrated  in  Figs.  131  and  132.     The  following 
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demonstrations  apply  to  both  Hgures.  If  one  frog  (F,)  is  chosen, 
then  Fg  becomes  determined  as  a  function  of  F,.  If  Fj  is  the  angle 
for  some  even  frog  number,  Fg  will  in  general  be  an  angle  that 
does  not  correspond  to  any  even  frog  number  and  therefore  will 
need  to  be  made  to  order.  If  F,  is  less  than  some  limit,  depending 
on  the  width  (^/)  between  the  parallel  tracks,  it  will  be  impossible 
to  have  a  straight  connecting  track,  and  at  some  other  limitation 
it  will  be  imj)ossible  to  have  the  reversed  curve  connecting  track 
shown  later.  In  Figs.  131  and  132  assume  F,  as  known.  Then 
FjII  ■■==  (J  sec  F,.     In  the  triangle  HOFg  we  have 

sin  IIF.O  :  sin  FJIO  :  :  HO  :  F/) 

but  sin  F^HO  =  cos  F,  ;  HF./)  =  1)0°  +  F,;    sin  HF,0  =  cos  F,; 


HO  r^  R  +  A  r?  -4-f/  -  f/  sec  F,;  F/) 


li 


/,T<^ 


Fi^.  188. 


cos  F^  =  cos  I 


(94) 


Knowing  F2,  B^  is  determinable  from  equation  09.     To  determine 
tlie  relative  position  of  the  frogs  F,  and  F2, 

HOF,  ^  18(r  -  (90^  ^  F,)  -  (9(f  +  F^)  ^  Y\  -  F,;  then 
GF,  =  2  (II  +'^d-~<j)s\n^{F,-V,)  (95) 
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If  the  connecting  curve  is  made  a  reversed  curve,  as  is  shown 
in  Fig.  138,  the  frogs  F,  and  Fj  may  be  chosen  at  pleasure  (within 
rather  close  limitations,  however),  and  this  will  usually  permit  the 
adoption  of  regular  standard  sizes  and  will  not  necessitate  the  mak- 
ing to  order  of  special  sizes.  We  may  then  consider  that  F,  and 
Fo  are  known  and  that  they  are  equal  or  unequal  as  desired.  Thus 
we  may  write: 

2(S-00,)(S-00,) 
"^^^  ^  =  (GO,)  (GO,) 

in  which  ^  =  -^  <^^^^.  +  ^^^\  +  ^^  ^2) 

but  GG,  =  U  ^  ~yJ  -  r\ 

GG,  =  R  _  4-  d  +  r, 
G.  a  =  r,  +  r, 

.-.8=4-  (2^  +  -'0  =  ^^  +  ''-2 
S  -  GG,  =  R  +  /■,  -  R  +  -1.7  _  r,  -=^d', 

S  -  GG,  =  R-f  ;•,  -  R  -  -i  -^7  -f  '\  =  '\  +  r,  --^  d; 


•    vers  "^  — 

r.-\d) 

(R--^fZ-fr 

sin  GG,  Gj  =  sin  ^  Twy  ==  sin 
G,  G,  D  =  ^  +  G,  a  G 

1       y^' 

v.  +  n  ^^^> 

(98) 

NF,  =  2  (R  -  i-  <;  +  i-  J,)  sin  i-  (^_  5,  -  0,)  (99) 

The  chief  advantages  of  the  above  method  are  that  it  not  only 
permits  the  use  of  standard  size  frogs,  but  also  uses  up  less  of  the 
main  track  between  the  extreme  switch  points. 
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129.  Problems  in  Switch  Computation.  1.  A  siding  nnis 
off  from  a  straight  main  track,  using  a  No.  8.5  frog.  The  distance 
between  track  centers  is  18  feet.  AVhat  is  the  radius  of  the  con- 
necting curve  and  its  length  ? 

2.  A  siding  using  a  No.  9  frog  runs  off  from  the  outside  of 
a  4°  80'  curve.  What  is  the  radius  and  length  of  the  connecting 
curve?  Jn  all  of  these  problems,  consider  the  distance  between 
track  centers  to  be  13  feet. 

8.  Using  the  same  frog,  a  siding  is  to  run  to  the  inside  of 
the  same  track.  AVhat  will  be  the  radius  and  length  of  the  con- 
necting curve  ?  Until  "^  is  computed,  it  is  impossible  to  say  which 
of  the  three  possible  cases  will  be  used,  but  the  solution  of  equation 
80  immediately  decides  that  point,  which  will  show  that  '^  is 
slightly  greater  than  F,  but  that  the  difference  is  so  little  that  the 

resulting  value  r  is  very  great.    -^  {^^  -  F)  is  such  a  small  angle 

that  Table  VI*  must  be  used  to  determine  its  sine. 

4.  If  a  crossover  is  to  be  ran  between  two  straight  parallel 
main  tracks  13  feet  between  centers,  using  No.  8  frogs,  how  much 
will  be  saved  in  distance  measured  along  the  main  track  by  using 
a  reversed  curve  rather  than  a  straight  track  ?  Since  the  difference 
in  distance  is  called  for,  we  may  ignore  in  this  solution  the  abso- 
lute length  of  the  switch  rails  and  consider  that  they  would  be  the 
same  in  either  case. 

5.  Required  the  dimensions  for  a  cross -over  between  two 
main  tracks  which  are  on  a  4°  80'  curve;  the  distance  between 
track  centers  thirteen  feet,  the  frog  for  the  outer  main  track  (F^  in 
Fig.  129)  is  No.  9;  Y^  is  No.  7;  the  connecting  curve  is  to  be  a 
reversed  curve.  When  the  radius  of  a  double  main  track  is  given, 
it  means  the  radius  of  the  center  line  betw^een  the  two  tracks.  We 
must,  therefore  (as  indicated  in  Fig.  183),  add  and  subtract  6.5  to 
the  radius  of  a  4°  80'  curve  (1278.6)  to  obtain  the  radii  of  the 
centers  of  the  tw^o  main  tracks.  The  figure  and  formulae  allow  for 
this.  Since  point  switches  would  unquestionably  be  used,  we 
must  determine  r^  and  r^  by  the  method  outlined  in  §121;  R,  the 
radius  of  the  outer  main  track  =  1280.1  (which  means  that  Dj  = 
4°  29'),  while  R2  the  radius  of  the  inner  track  =  1267.1  and  Dj  = 
4°  31'.     Then  by  the  rule  of  §121,  r,  =  radius  of  {d^  +  !>,)  °  curve 

*See  Webb's  "Trigonometric  Tables,"  pubUshed  by  American  School  of  Correspond- 
ence, Chicago,  111.    Price,  JOc. 
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=  radius  of  (7°  31'  +  4°  29')  curve  =  478.34;  r,  =  radius  of 
{d,  4-  I),)"  «"i-ve  --  radius  of  (12'^  26'  -  4""  31')  curve  =  724.31. 
d^  and  d^  are  the  degrees  of  curve  given  in  the  first  section  of 
Table  III*  as  being  suitable  for  a  No.  9  and  a  No.  7  frog  on  a 
straight  track.  Obtain  ^,  and  6^  by  substitution  in  equations  69 
and  73.  It  will  be  found  that  the  point  of  reversed  curve  comes 
but  a  fraction  of  an  inch  from  the  frog  point  F.,.  If  the  computa- 
tions had  apparently  indicated  that  the  point  of  reversed  curve 
would  come  beyond  either  frog  point  (or  between  either  frog  and 
its  switch),  it  would  have  shown  the  impracticability  of  the  use  of 
a  No.  7  and  a  No.  9  frog  under  these  particular  conditions.  It 
shows  that  in  this  case  the  limit  was  practically  reached. 

6.  Solve  the  same  problem  using  a  No.  9  frog  in  both  cases. 
In  this  case  it  will  be  found  that  the  total  lencrth  of  main  track 
between  the  extreme  switch  points 
will  be  somewhat  increased,  but 
that  the  point  of  reversed  curve 
will  be  nearly  midway  between 
the  two  tracks,  as  is  preferable. 
A  comparison  of  the  two  solu- 
tions will  then    show  how  close 

are  the  limitations  in  the  choice        ^-V-a    V'HMR=f(F-a) 
of  frogs  to  be  used.  *" 

i3o.  Practical  Rules  for 
Switch  Laying.  The  following 
directions  are  based  on  the  meth- 
ods  previously  given    for  allow- 

ino-  for  the  effect  of  straight  point  rails  and  straight  frog  rails 
when  used  from  a  curved  main  track.  When  the  position  of  the 
switch  block  is  definitely  determined,  then  there  is  no  choice  but 
to  cut  the  main  rails  wherever  the  location  calls  for,  but  as  the 
main  track  rail  would  be  merely  bent  out  to  form  the  outer  switch 
rail,  there  need  be  no  rail  cutting  near  the  switch  point,  except 
that  a  rail-joint  in  the  main  rail  should  not  come  at  or  near  the 
switch  point.  The  frog  has  a  length  of  from  six  to  nine  feet.  A 
movement  one  way  or  the  other  of  less  than  ten  or  twelve  feet  will 
bring  one  end  of  the  frog  at  an  existing  joint  and  thus  save  one 
rail  cutting. 


^      MN  =  /r 

FH=/' 

N/MDN^a 


Fig.  184. 


•See  Webb's  "Trigonometric  Tables,"  published  by  American  School  of  Correspond- 
ence, Chicaso,  111.    Price,  50c. 
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After  Laving  delinitely  determined  just  where  the  switch  is 
to  be  located,  mark  pn  the  rails  the  points  B,  D  and  F  in  Fig.  134. 
Measure  off  the  length  of  the  switch  rails  DN,  and  locate  the  point 
M  at  the  distance  h  from  N.  If  the  frog  must  be  placed  during 
the  brief  period  between  the  running  times  of  trains  it  will  be 
easier  to  joint  up  to  the  frog  a  piece  of  rail  at  one  or  both  ends  of 
just  such  a  length  that  they  may  be  quickly  substituted  for  an 
equal  length  of  rail  taken  out  of  the  track.  When  the  frog  is  thus 
in  place,  the  point  H  becomes  located.  The  curve  between  M  and 
H  is  a  curve  of  known  radius.  Substituting  in  equation  54  the 
value  of  chord  and  R,  we  obtain  a?,  or  db  in  Fig.  135,  which  is  the 
ordinate  for  the  middle  point  of  the  curve.  Then  a"  a  and  o"  c 
will  be  three-fourths  of  dh.  Theoretically  this  will  give 
a  parabolic  curve,  but  the  difference  will  not  be  appre- 
ciable. Having  located  and  spiked  down  the  rail  HM, 
the  opposite  rail  may  be  easily  put  in  at  the  proper 
gauge. 

Example.  Locating  a  switch  on  a  curved  main 
track.  Given  a  main  track  having  a  4°  30'  curve,  to 
locate  a  turnout  to  the  outside  using  a  No.  8.5  frog; 
gauge,  4ft.  8|  in.;/  =  3.19';  h  =  5|  in.;  DN  =  15  ft.; 
and  a  =  1°  50'.  Then  for  a  straight  track  7'  would  = 
600.94  {d  =  9°  33').  For  the  curved  track  d  should  be 
Fig.  135.  nearly  (9°  33'  -  4°  30')  =  5°  03',  or  r  =  1134.9.  L  for 
the  straight  track  would  be  69.60,  but  since  the  lead  is 
slightly  increased  (say  about  0.1 — see  §  121)  we  may  call  the  lead 
69.7,  although  this  difference  would  be  absolutely  imperceptible 
after  the  track  was  laid,  so  far  as  train  running  was  concerned. 
After  locating  the  switch  and  frog  point  as  described  above,  the 
frog  and  the  switch  rails  should  be  placed.  The  chord  ST  is  given 
in  Table  III*  as  51.38;  the  chord  HM  would  be  about  0.2  longer 
and  curving  the  main  track  would  make  it  slightly  longer  still. 
The  best  method  is  to  measure  it  directly,  but  it  should  measure 
about  51.6.  E,  =  1137.25.  Applying  equation  54,  we  have  x  = 
51.6^  -^  (8  X  1137.25)  =  0.293,  the  ordinate  at  the  middle  point. 
The  ordinate  at  the  quarter-points  is  0.219. 

131.     Slip  Switches.     The  complicated  demands  for  switch- 
ing in  yards  and  terminals  have  been  greatly  assisted  by  the  device 

•See  Webb's  "Trigonometric  Tables,"  published  by  American  School  of  Correspond- 
ence, Chicago,  111.    Price,  50c. 
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Fig.  13& 


Slip  Switches. 


Fig.  137. 
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known  as  slip  switches,  illustrations  of  which  are  shown  in  Figs. 
136  and  137.  Fig.  ^36  shows  a  "  single  slip  "  in  which  the  two 
middle  frogs  are  fixed,  although  the  system  of  movable  frogs  illus- 


Section  A    B  Seed' on    C  D 

Fig.  138.    Crossing. 

trated  in  Fig.  137  is  especially  applicable.  The  double  slip  switch 
illustrated  in  Fig.  137  makes  it  possible  for  a  train  coming  on  either 
track  to  run  directly  on  to  either  of  the  opposing  lines.  It  should 
be  noted  that  the  mechanism  is  made  inter- 
locking so  that  the  setting  of  a  switch  at  one 
end  w^ill  simultaneously  set  the  switch  at  the 
other  end  as  is  required. 

132.  Crossings.  When  two  railroads 
cross  each  other  or  even  when  it  is  desired 
to  have  one  line  cross  another  without  having 
any  switch  connection,  a  crossing  may  be 
used.  If  the  angle  should  be  small  (which  is 
very  undesirable)  the  method  of  movable  frogs, 
shown  by  the  crossing  of  the  inner  main  rails 
of  Fig.  137,  may  be  used.  But  the  lines 
should  be  required  to  cross  each  other  as  nearly 
at  right  angles  as  possible  and  then  a  bolted  or  riveted  set  of 
frogs,  wMth  fillers  betw^een  the  rails,  such  as  is  illustrated  in  Fig. 


Fig.  189. 
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138,  may  be  used.  In  general  these  crossings  will  need  to  be 
made  to  order  according  to  the  angle  between  the  two  lines. 
Since  such  crossings  are  sometimes  operated  at  very  high  sjxjeds 
the  construction  must  be  especially  strong  and  rigid.  When  both 
tracks  are  straight  the  frog  angles  are  identical,  or  more  strictly, 
two  of  them  are  "complements"  of  the  other  two.  When  one  or 
both  tracks  are  curved,  all  four  frogs  will  be  different  and  the 
computation  of  their  exact  value  becomes  a  somewhat  complicated 
geometrical  problem.  The  mechanical  construction  need  not  be 
essentially  different  from  that  shown  in  Fig.  138. 

i33.  Crossing.  One  straight  and  one  curved  track.  In 
Fig.  139,  R  is  known  and  also  the  angle  M,  made  by  the  center 
lines  at  their  point  of  intersection. 

M  =  NCM  and  KC  =  R  cos  M 
then  (R  -  -^-  (j)  cos  F,  =  XC  +  -^-  <j 


.'.  cos  Fj 


li  cos  M  -f  ~^(/ 


li 


Similarly  it  may  be  proved  that 


cos  F., 


K  cos  M  -f  -^  -  (/ 

K  +  4  y 


cos  F.,  =  — 


II  cos  M  -  -2"  y 


I^  +  ^y 


li  cos  M  -f- 


cos  h\ 


R- 


^  r/ 


(100) 


To  find   the  relative  positions  on  the  tracks  of  the  frogs,  we  may 
write 
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KF.  =  (k  +  ■l</)s\n  F,  -(k  --^•'/)''"  !'• 

IIF.  =  (e  --^ff)  (sin  F.  -  sin  F,)  [.(lOl) 

F,F,  =  (r  +  -.y^)8in  F,_,  -(ll  -4-f/)  si"  i', 

It  should  be  noted   that  F^F^  will  not  be  exactly  equal  to  FjF,  al- 

though  the  difference  will  be  very  small. 

134.  Crossing.  J]ofh  tracks  curved .  The  angle  of  the  tan- 
gents  (or  radii)  at  their  point  of  inter- 
section is  a  known  quantity  (M)  and 
also  the  two  radii  R,  and  H,,.  But 
since  we  must  deal  directly  with  the 
radii  of  the  inner  and  outer  rails  of  both 
curves,  it  will  be  easier  to  immediately 

add  (or  subtract)  — ,-  (/  to  H,  or  E^  and 


\  III  /  3 

\  L  / 


\ 


Fig.  140. 


vers  F 


thus  obtain  v,,  ?•„,  7'.',,  and  >'^,  as  indicated 
in  Figure  140.     Referring  to  the  triangle 

F1C1C2,  and  calling  8^  =  -^  {c -\- r^-\-  rj, 


we  may  write 

2(.,-r,)(^,-n) 


(6-  -f  ■/',  +  r,) 


Similarly  in  the  triangle  Ffifi.,,  let  s.^  = 

and  in  the  triangle  F^CjC^,,  let  ^3  =  ~iy{^-^  +  '>'i  +  ^'3) 


and  in  the  triangle  F^C,C,,,  let  .s^  =  "rri^'  +  ''2  +  '^'a)   I  M02' 
and  then  we  niay  write 

2  (._,-,.)(.,-/■) 


vers  F^ 


vers 


y  ==ll^izJjli^i:i!j) 


vers  F,  -- 


2  (s^-r;)(.^-r^ 


r.,r. 
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To  deterniiiie  the  length  of  track  between  the  frogs  we  may  write 
sin  Cfi.F,  =  sin  F,-^ 

T 

and  sin  CfiJ^^  =  sin  F^—^ 

.:  F,AF.  =  C,C,F,  -  C,C,F,      (103) 

Knowing  the  angle  F.jC2F^  we  readily  determine  that  the  chord 

FjF^  =  2/^2  sill -9- (F2C2FJ.      In   a  precisely  similar  manner   the 

chords  FjF.,,  FjFg,  and  F^F^  may  be  computed.  As  a  check,  it  should 
be  found  that  all  these  chords  are  nearly  although  not  quite  equal, 
likewise  the  mean  of  all  the  four  frog  angles  should  be  within  a 
few  seconds  of  the  value  of  M. 

135.  Examples.  1.  Determine  the  dimensions  and  the  frog 
angles  for  the  crossing  of  a  straight  track  with  a  track  of  4°  curv- 
f.ture  (as  in  Fig.  135)  when  the  angle  M  =  72°  18'. 

2.  A  2°  curve  crosses  a  4°  curve  as  in  Fig.  140,  the  angle  M 
being  52°  20'.  Determine  the  frog  angles  and  the  chord  lengths 
between  the  frogs. 

YARDS  AND  TERMINALS. 

136.  Value  of  a  Proper  Design.  When  a  freight  train  arrives 
at  a  terminal  yard,  which  is  generally  in  a  city  of  considerable  size, 
with  one  or  more  other  railroads  or  branches,  the  train  load  will  in 
general  be  made  up  of  some  cars  which  will  need  to  be  shifted  to 
some  other  road  or  division  or  to  be  shunted  on  to  a  siding  where 
they  may  be  unloaded.  If  the  character  of  the  train  is  mixed, 
partly  coal  and  partly  general  merchandise  or  grain,  the  coal  cars 
must  be  sent  to  their  own  tracks  and  the  merchandise  to  theirs. 
A  "division"  point  of  a  road  is  frequently  the  terminus  of  one  or 
more  branches  as  well  as  the  point  where  freight  trains  are  perhaps 
made  up  anew,  especially  if  the  ruling  grade  on  adjacent  divisions 
is  so  different  that  the  train  load  which  can  be  hauled  by  one  engine 
is  very  different  on  the  several  divisions. 

A  little  study  of  these  facts,  together  with  others  which  ^vill 
readily  suggest  themselv^es  in  this  connection,  will  show  the  vast 
amount  of  work  which  is  necessary  in  sorting  out  the  cars  in  a  yard. 
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Often  the  road  eiiopine  is  cut  off  from  the  train  as  soon  as  it  has 
brought  it  to  its  proper  place  in  the  yard,  and  the  distributing  is 
done  entirely  by  switching  engines.  But  the  work  in  large  yards 
is  so  great  that  several  engines  will  be  required  for  the  w^ork.  The 
cost  of  running  a  switching  engine  per  day  may  be  figured  as 
approximately  $25.  If  the  design  of  a  yard  can  be  so  altered 
that  one  engine  can  be  dispensed  with,  or  that  three  engines  may 
be  made  to  do  the  work  which  formerly  required  four,  w^e  would 
have  in  313  working  days  per  year  an  annual  saving  of  $7,825, 
which  capitalized  at  5%,  gives  $156,500  which  is  sufficient  to 
reconstruct  almost  any  yard. 

As  will  be  developed  later,  such  a  saving  is  by  no  means  an 
impossibility.  The  requirements  for  space  for  water  stations,  ash- 
pits, coaling  stations,  turntables,  sand  and  oil  houses,  engine  houses, 
etc.,  and  their  proper  arrangement  so  as  to  avoid  useless  running  of 
the  engines,  is  another  feature  which  shows  the  value  of  a  system- 
atic design  for  a  yard.  When  a  yard  is  being  constructed  at  anew 
place,  it  may  be  designed  on  the  basis  of  subsequent  w^ork,  no  matter 
how  little  of  it  is  immediately  constructed,  but  very  many  yards 
were  laid  out  when  the  now  recognized  principles  were  unknown. 
Subsequent  additions  have  only  made  a  bad  matter  w^orse  until  it 
is  seen  that  an  entire  re-construction  is  necessary  to  make  the  yard 
what  it  should  be. 

137,  Freight  Yards.  General  Principles.  A  yard  built  on 
an  ideal  plan  is  in  general  an  impossibility.  Topographical  con- 
siderations usually  influence  the  problem  to  such  an  extent  that  the 
only  method  is  to  study  the  location  so  that  certain  fundamental 
principles  may  be  applied. 

1.  A  yard  is  a  classifying  machine  for  receiving,  sorting  and 
despatching  cars  to  their  several  destinations  as  rapidly  as  possible. 
Its  efficiency  is  measured  by  the  rapidity  with  which  it  accom- 
plishes this  and  the  economy  of  motive  power  which  is  required. 

2.  At  a  yard  which  is  the  terminal  of  a  division  the  freight 
trains  are  pulled  in  to  a  ''receiving  track"  so  as  to  get  them  out  of 
the  way  and  off  of  the  main  track.  The  road  engine  is  then  run 
off  to  the  engine  yard  where  it  is  cleared  of  ashes,  loaded  with 
water,  coal,  sand,  etc.,  and  otherwise  prepared  for  its  next  trip. 
Perhaps  the  caboose  is  run  off  to  a  ''caboose  track"  the  location  of 
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which  is  made  convenient.  Then, 
if  the  train  is  a  '* through"  freight, 
another  engine  and  caboose  may  be 
attached  and  it  may  proceed  un- 
broken unless  a  change  in  ruling 
grade  requires  a  different  train  load. 

3.  There  are  certain  tracks  in 
a  yard  which  may  be  considered  the 
skeleton  of  the  yard.  On  these 
tracks  no  trains  should  be  allowed 
to  stand  except  temporarily.  Such 
tracks,  shown  in  Fig.  141,  in  which 
each  pair  of  rails  is  indicated  by  a 
single  line,  are  called  *'  ladder  tracks,'" 
and  from  these  the  storage  tracks 
are  run  in  parallel  lines.  Other 
through  tracks  are  indicated  on  the 
plan. 

4.  The  storage  tracks  should 
usually  be  made  double-ended  or 
with  a  ladder  track  at  each  end. 
This  usually  facilitates  the  switching 
by  permitting  one  or  more  cars  to  be 
drawn  from  either  end  without  dis- 

turbinop  the  cars  at  the  other  end  of 

o 

that  track. 

5.  In  recent  years  many  yards 
have  been  made  by  creating  an  arti- 
ficial hump  at  such  a  place  that  the 
grade  from  the  ladder  tracks  on  to 
the  storage  tracks  is  about  0.5  per 
cent.  This  creates  a  gravity  force 
of  10  pounds  per  ton  which  is  suf- 
ficient to  cause  a  car  to  roll  by  gravity 
from  the  ladder  track  on  to  any  stor- 
age track  to  which  it  may  be  di- 
rected. In  this  way  a  train  of  cars 
on  the  ladder  track  may  be  distrib- 
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uted  to  the  vai-ious  storage  tracks  with  great  rapidity.     Incident- 
ally there  is  no  danger  of  a  car  running  out  from  the  storage  track 

on  to  the  ladder  track.  Symmetry  and 
economy  of  space  will  usually  require  that 
the  frogs  and  the  switch  dimensions  of  the 
switches  running  off  from  the  ladder  tracks 
shall  be  uniform.  No.  7  frogs  are  very 
commonly  used;  frogs  with  a  larger  frog 
number  make  an  easier  riding  track,  but 
they  require  more  space,  and  limit  the 
space  which  may  be  used  for  storage.  No. 
0  and  even  No.  5  frog's  ai-e  sometimes  used 
on  account  of  the  economy  of  space  whicli 
is  thereby  obtained,  but  it  makes  harder 
rolling  and  greater  danger  of  derailment. 

138.  Connection  of  Freight  Yard 
with  Main  Tracks.  As  a  general  princi- 
ple the  main  tracks  should  be  as  clear  as 
possible  from  the  yard  tracks  so  that  pas- 
senger trains  may  run  through  freely  at  any 
time  w^ithout  even  the  danger  of  a  collision 
with  any  freight  cars  or  of  interfering  with 
the  work  of  the  freight  yard.  This  prac- 
tically means  that  there  should  be  no  cross- 
ing of  the  main  tracks  by  any  tracks  used 
in  yard  operations  and  that  the  connection 
should  be  only  where  it  is  desired  to  run 
from  the  main  tracks  on  to  the  receiving 
tracks  and  that  here  the  switches  should 
be  thoroughly  protected  by  signals.  The 
ideal  construction  is  to  have  (on  double 
track  roads)  all  opposing  tracks  cross  over 
or  under  each  other  so  that  two  trains  will 
never  approach  the  same  point  of  track 
except  when  they  are  moving  in  the  same 
I  I  |~  direction  and  then  the  danger  of  a  collision 

'  will  be  largely  averted.     The  receiving 

tracks  (or  similar  traxiks)  should  be  utilized  as  "departing  tracks" 


246 


RAILROAD  ENGINEERING  165 

on  which  outgoing  freight  trains  may  wait  for  their  signal  to  start 
without  interfering  with  any  passenger  traffic  on  the  main  line 
tracks  or  any  shifting  work  in  the  yard. 

139.  Minor  Freight  Yards.  The  name  applies  to  the  local 
collecting  or  distributing  yards  which  are  located  in  parts  of  a 
great  city  where  the  freight  business  is  especially  large.  The  cars 
are  brought  to  these  yards  by  means  of  long  switches  or  by  means 
of  floats  when  the  yard  is  located  on  a  water  front.  The  special 
feature  of  these  yards  is  the  fact  that  since  they  are  always  located 
on  very  valuable  land,  great  ingenuity  is  required  to  utilize  the 
limited  space  to  the  greatest  advantage.  This  usually  requires 
excessively  sharp  curvature,  which  may  be  limited  by  the  fact  that 
car  couplers  will  not  permit  the  car  bodies  to  make  an  angle  with 
each  other  much  if  any  over  20^.  This  permits  the  use  of  radii  as 
short  as  100  feet,  but  this  must  be  considered  as  about  the  limit 
Eadii  as  short  as  50  feet  have  been  used  in  some  yards,  but  in  that 
case  an  extension  coupling  bar  is  placed  between  the  cars.  Yards 
for  receiving  or  distributing  freight  should  be  provided  with  team 
tracks  which  are  made  stub-ended  and  which  are  preferably  placed 
in  pairs  with  a  sufficient  space  for  roadway  between  each  pair. 

Figures  141  and  142  are  ideal  plans  which  were  submitted  to 
the  American  Kail  way  Engineering  and  Maintenance  of  Way  Asso- 
ciation at  its  meeting  in  March,  1902.  As  "  ideal"  plans,  it  is  not 
supposed  that  they  can  be  literally  adopted,  but  a  study  of  them 
will  show  their  general  conformity  with  the  principles  stated  above, 
and  also  will  be  suggestive  of  plans  adapted  to  the  local  conditions. 

i4o.  Freight  Yard  Accessories.  Track  scales.  These  are 
for  weighing  freight  cars  on  the  track.  When,  as  is  frequently 
the  case,  the  scales  are  located  on  a  much  used  track,  an  auxiliary 
pair  of  rails  is  laid  about  six  inches  from  the  scale  rails  and  con- 
nected with  them  by  a  split  rail  switch  at  a  suitable  distance  from 
each  end  of  the  scales.  One  auxiliary  rail  is  supported  on  the  side 
of  the  scale  pit  and  the  other  on  several  posts  which  run  through 
the  scale  table  floor.  .  It  has  been  found  practicable  to  weigh  a 
whole  train  load  even  in  motion  by  running  it  very  slowly  over  the 
scale  tracks  and  noting  the  scale  reading  for  each  car  when  it 
becomes  central  over  the  pit. 
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Cranes.  The  frequent  transportation  of  individual  loads 
weighing  many  tons  requires  the  use  of  some  sort  of  unloader, 
which  may  vary  from  the  temporary  "gin  pole"  to  a  traveling 
crane  which  strides  one  or  more  tracks  and  a  roadway,  and  which 
may  travel  on  rails  parallel  with  the  switch  tracks  and  also  has  a 
'^  traveler"  which  runs  perpendicular  to  the  tracks.  The  double 
horizontal  motion  (as  well  as  the  vertical  motion)  permits  the 
loading  or  unloading  between  any  car  and  wagon  placed  within  its 
range.  While  their  use  is  somewhat  limited^  there  are  occasions 
when  they  are  almost  indispensable. 

i4i.  Engine  Yards.  The  ideal  position  for  the  engine  house 
with  its  accessories  is  in  the  center  of  the  yard,  as  is  shown  in  Fig. 


Lonsitudirtal     Section    of    Pit 

Fig".  14;;. 

141.  The  accessories  of  an  engine  house  are  shown  in  tlie  ideal 
plan  of  Fig.  143.  The  plan  of  the  cinder  pit,  which  is  shown  in 
detail,  allows  for  a  pit  about  four  feet  deep  under  two  tracks  on 
which  the  engines  run,  and  into  which  the  ashes  can  be  directly 
dumped.  These  tracks  are  each  side  of  a  depressed  track  which  is 
sunk  to  such  a  depth  that  the  sides  of  a  gondola  car  will  be  below 
the  bottom  of  the  ashpits  under  the  engine  tracks.  The  dumped 
ashes  can  therefore  be  very  easily  shoveled  into  the  car  in  the 
depressed  track. 
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Passenger  termiDals  for  large  cities  are  structures  wliich 
deuiand  tlie  services  of  an  arcliitect  rather  than  an  engineer.  Tlie 
engineering  features  are  largely  those  of  elevating  or  depressing 
the  approaching  tracks  so  as  to  avoid  the  grade  crossing  of  city 
streets,  and  all  such  problems  must  be  solved  individually.  Those 
who  wish  to  study  the  subject  further  may  find  it  treated  very 
fully  in  "  Buildings  and  Structures  of  American  Railroads,"  by 
Walter  G.  Berg. 

SIGNALING. 

The  following  description  of  signaling  is  not  to  be  considered 
as  a  complete  course  on  the  subject  as  that  would  require  more 
space  than  may  here  b^  devoted  to  it.  The  discussion  has  been 
condensed  to  such  fundamental  facts  as  every  railroad  engineer 
should  know.  The  development  of  the  science  has  been  so  rapid 
during  late  years  that  one  must  follow  current  engineering  litera- 
ture to  keep  abreast  with  the  progress  of  the  work.  A  student 
desiring  a  more  throrough  course  in  the  groundwork  of  the  sub 
ject  is  referred  to  '•  The  Block  System,"  by  B.  B.  Adams  (234 
pages),  as  well  as  to  similar  but  earlier  works  by  W.  II.  Elliot  and 
W.  L.  Derr. 

142.  Systems,  When  railroading  was  still  in  its  infancy 
but  traffic  had  so  increased  that  rear-end  collisions  on  double  track 
became  an  imminent  danger,  two  general  plans  were  suggested  and 
tried  to  guard  against  such  accidents — (V;)  the  time  interval  system 
and  (p)  the  space  interval  system.  Although  some  traces  of  the 
first  system  are  still  to  be  found  in  train  order  systems  and  in 
operating  rules  and  time  tables,  it  has  been  found  inadequate  for 
the  operation  of  heavy  traffic.  When  trains  are  run  close  together, 
even  a  short  delay  becomes  a  source  of  danger,  which  is  only  par- 
tially obviated  by  vigilant  work  by  the  rear  tiagman,  and  even  this 
safeguard  is  only  obtained  at  the  expense  of  further  delay  in  wait- 
ing for  the  flagman  to  return  to  the  train  after  the  cause  of  the 
delay  is  removed  and  the  train  is  able  to  proceed.  The  space  in- 
terval system  has  therefore  become  the  basis  of  all  modern  systems. 

Considered  from  another  standpoint,  the  methods  of  handling 
trains  may  be  divided  into  two  general  classes —  (a)  the  telegraphic 
order  system,  in  which  men  at  different  parts  of  the. line  receive 
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orders  by  telegraph  regarding  the  movements  of  trains  which  will 
soon  pass  them  and  who  communicate  these  orders  to  the  trainmen 
either  verbally  or  by  signal,  and  (h)  those  systems  under  which  the 
signals  at  any  point  are  controlled   by  mechanism  at 
II  adjacent  points.     The  fundamental  difference  between 

y  the  two  systems  is  that  in  the  first  case  a  blunder  by  any 

^  r???^  of  several  men  may  cause  an  accident;  in  the  second 
case,  blunders  are,  to  a  considerable  extent,  mechanically 
impossible,  and  when  made  are  generally  immediately 
apparent  to  one  or  more  others,  and  may  be  corrected 
in  time  to  prevent  an  accident. 
-U-  ®  The  first  system  includes  the  method  by  which  a 

large  proportion  of  the  trains  of  the  country  are  operated 
— the  "train  order"  system,  which  will  not  be  here  elab- 
orated since  "  signals  "  are  not  a  necessary  feature  of  it. 
^      Under  this  method  the  train  crew  receive  their  orders, 
issued  by  the  train  despatcher  of  the  division,  which 
are  written  out  by  the  telegraph  operator  at  the  local 
office  where  received.     The  train  is  then  run  in  accord- 
ance with  such  orders   until  it  reaches  the  next  train 
@     order  office.      The  first  system  also  includes  the  simple 
manual    system,   described   in    the    next   section.     The 
various  systems  of  controlling  the  signaling,  culminat- 
ing in  the  absolutely  automatic  system,  will  be  succes- 
I  sively  described. 

*  ^'^^  143.     Simple  flanual  System.    In   this,  as  in  all 

other  block  systems,  the  road  is  divided  into  sections 
or  "  blocks  "  whose  lengths  are  varied  somewhat  to  suit 
the   method    adopted  and    the  natural    conditions,  and 
D     also  are  made  roughly  proportional  to  the  traffic.     For 
I  example,  on  the  main  line  of  the  Pennsylvania  Rail- 

n  road  between  Philadelphia  and  Ilarrisburg  the  sections 

Pig.  144.  have  an  average  length  of  a  little  over  two  miles,  a 
few  are  four  miles  long,  and  some  (especially  where  the 
suburban  traffic  is  heaviest)  are  less  than  one  mile  long.  On  the 
other  hand,  on  a  road  with  less  traffic  (although  sufficient  to  re- 
quire the  block  system),  the  blocks  might  have  a  much  greater 
length.     "  Absolute  "  blocking  forbids  the  entrance  of  a  train  into 
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<  

a  block  until  the  preceding  train  has  passed  out  of  it.  This  prac- 
tically means  that  the  trains  must  average  considerably  over  one 
block  apart,  since  train  B  (see  Fig.  144)  cannot  enter  the  block 
(2 — 1)  until  train  A  has  passed  out  of  that  block,  and  the  fact  is 
telegraphed  back  so  that  the  signals  at  (2)  may  be  set  for  train  B 
to  enter  the  block.  Train  C  and  the  succeeding  trains  must  vir- 
tually maintain  the  same  interval  even  though  they  temporarily 
move  up  closer.  At  a  freight  train  speed  of  15  miles  per  hour, 
trains  could  be  run  through  blocks  five  miles  long  at  intervals  of 
twenty  minutes  plus  the  time  required  for  signaling  between  sta- 
tions and  for  the  trains  to  pass  by  the  signal  station.  Under  the 
simple  manual  system  the  rules  of  operation,  although  varied  in 
detail,  are  essentially  as  follows  for  double-track  work: 

When  train  Alias  passed  (1)  the  operator  there  telegraphs  the 
fact  bacE:  to  (2),  and  then  the  operator  at  (2)  knows  that  the  block 
frovn  (2)  to  (1)  is  clear  and  that  he  can  admit  train  B  to  the  block. 
If  train  B  does  not  arrive  at  (2)  for  some  time  afterward,  (2) 
should  obtain  definite  word  from  (1)  immediately  before  B  is  due 
that  the  block  is  clear,  since  it  might  have  become  obstructed  by 
switching  operations  or  otherwise.  As  soon  as  train  B  has  passed 
(2)  the  fact  is  telegraphed  back  to  (3),  which  informs  (3)  that  the 
block  (3 — 2)  is  clear.  The  method  of  communication  is  usually 
by  the  ordinary  Morse  alphabet,  but  since  the  facts  to  be  commu- 
nicated are  very  few  and  simple,  a  system  of  taps  on  electric  bells, 
which  can  be  more  easily  and  quickly  learned  than  the  Morse 
alphabet,  are  sometimes  used.  During  recent  years  even  the  tele- 
phone has  been  used  for  this  purpose.  Some  of  the  mechanical 
details  of  this  method  will  be  given  later.  Each  road  employing 
such  a  system  has  a  more  or  less  elaborate  set  of  rules  governing 
the  operation  of  the  signals,  whose  object  is  to  make  the  work  as 
mechanical  as  possible,  to  guard  against  giving  wrong  signals  and 
to  locate  the  blame  when  an  error  is  made. 

It  should  be  noted,  however,  that  there  is  nothing  to  prevent 
a  signalman  from  giving  a'* clear"  signal,  when  he  should  show 
a  ''Stop"  signal,  even  when  he  has  been  instructed  otherwise  and 
has  perhaps  reported  by  telegraph  that  he  has  obeyed  orders.  In 
short  he  is  not  "'controlled,"  and  in  case  of  an  accident  there  is  a 


251 


170  RAILROAD  ENGINEERING 


question  of  veracity  between  him  and  the  engineman.  The  sys- 
tern  has  the  merit  of  cheapness,  since  the  signals  may  be  of  the 
cheapest  form  and  the  intercommunication  may  be  done  by  the 
cheapest  form  of  telegraphic  circuit. 

Permissive  Blocking.  There  is  a  variation  of  the  "absolute" 
system  which  is  also  applicable  to  some  of  the  following  systems 
and  which  facilitates  traffic  although  at  some  sacrifice  of  safety. 
Under  this  system,  a  train  is  allowed  to  proceed  into  a  block  even 
though  there  is  a  train  still  there.  But  the  train  must  be  under 
"perfect  control"  (some  rules  limiting  the  speed  to  six  miles  per 
hour)  so  that  it  may  be  stopped  very  quickly  if  necessary.  By 
this  means,  the  delay  of  a  succeeding  train,  and  perhaps  of  several 
following  trains,  is  very  greatly  reduced.  Of  course  such  a  prac- 
tice requires  extreme  caution  to  avoid  accidents,  and  there  are  very 
minute  rules  to  be  followed  when  such  running  is  permitted  at  all. 

When  heavy  passenger  trains  are  run  at  a  speed  approaching 
60  miles  per  hour,  it  becomes  impracticable  to  make  a  "service" 
stop  much  within  1,500  feet.  Although  a  stop  may  be  made  in  a 
much  shorter  distance,  it  induces  very  severe  strains  in  the  rolling 
stock  and  hence  should  be  avoided.  But  since  it  is  frequently 
impossible,  on  account  of  curves  or  other  obstructions,  to  see  sig- 
nals more  than  a  few^  hundred  feet  away,  an  engineman  dare  not 
approach  a  "home"  signal  at  very  high  speed  for  fear  a  stalled 
train  may  be  immediately  beyond  it.  Therefore  a  "  distant  sig- 
nal^'^  which  forew^arns  the  engineman  of  the  indication  of  the 
"home"  signal,  is  placed  800  to  2,500  feet  from  the  home  signal. 
The  required  distance,  which  for  mechanical  reasons  is  made  as 
short  as  possible,  except  as  noted  below,  depends  on  the  grade  and 
on  how  far  from  the  signal  it  may  be  clearly  seen. 

When  the  distant  signal  is  set  for  "clear,"  the  engineman 
knows  that  he  may  proceed  at  least  as  far  as  the  second  home 
signal  ahead;  when  it  is  set  for  "caution,"  he  knows  that  he  may 
proceed  at  least  as  far  as  the  next  home  signal,  but  he  must  expect 
to  be  stopped  there  and  he  must  have  his  train  under  such  control 
that  he  can  stop  there  if  required.  Sometimes  the  signal  becomes 
cleared  by  the  time  he  reaches  the  home  signal  and  there  is  no 
actual  delay  beyond  a  slight  reduction  in  speed,  but  the  indication 
of  the  distant  signal  enables  him  in  any  case  to  approach  the  home 


252 


RAILROAD  ENGINEERING 


171 


■0 


signal  confidently,  knowing  beforehand  that  it  will  be  "clear"'  if 
the  distant  signal  was  **  clear."  In  any  system  where  the  signal- 
ing is  "controlled,"  such  a  distant  signal  is  locked  so  that  it  can- 
not indicate  clear  when  the  home  signal  indicates  stop.  Under 
the  "automatic"  systems  the  distant  signal  is  usually  placed  on 
the  same  post  as  the  home  signal  for  the  preceding  blcK'k.  In  this 
case,  when  the  distant  signal  indicates  clear,  the  engineman  knows 
that  his  road  is  clear  for  two  full  blocks,  but  he  may  have  to  slacken 
speed  when  he  reaches  the  next  block  station. 

144.  Controlled  Manual  5ystem.  In  the  pre- 
vious system  the  only  connection  between  the  signal 
stations  is  the  telegraphic  communication  of  informa- 
tion. The  "controlled  manual"  system  includes  the 
following  essential  elements.  The  signals  at  each  sta- 
tion are  locked  by  electromagnets  which  are  controlled 
electrically  from  the  signal  station  ahead.  When  a 
train  approaches  (i),  (i)  must  notify  [2)  of  it.  If  the 
last  previous  train  has  passed  (2)  and  there  is  no  other 
impediment,  (2)  will  unlock  (i)'s  lever  electrically,  so 
that  it  is  possible  for  [1)  to  set  a  clear  signal.  After 
the  train  has  passed  (^1),  the  signal  at  (i)  is  set  for 
the  "stop"  position.  It  will  then  be  impossible  for 
him  to  set  it  clear  again  until  permitted  to  by  (2). 
Knowing  that  the  train  is  coming,  (^)  inquires  of  (5)  if 
the  block  (^ — 3)  is  clear  and  if  so  (5)  will  unlock  (^)'s 
lever  so  that  it  can  be  set  for  clear.  The  above  is  the 
simplest  and  earliest  form  of  such  a  system. 

The  chief  advance  over  the  simple  manual  system 
lies  in  the  mutual  control  of  the  signal  offices  on  each 
other.  A  signalman  cannot  set  a  signal  clear  except  by 
the  action  of  the  next  signalman  ahead  who  thereby 
certifies  that  the  block  ahead  is  clear.  The  chances  of 
error  are  thereby  decreased.  The  electrical  control  is 
maintained  over  a  "wire  circuit,"  but  the  system  is 
made  much  more  under  control  by  adopting  features  Fig.  145. 
which  are  essentially  those  of  the  automatic  system. 
The  two  rails  of  the  track  are  carefully  insulated  from  each  other, 
and,  near  each  signal  station,  the  abutting  rails  are  insulated  at 
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some  joint  by  joining  tlieiii   witli  insulated  joints  such  as  are  de- 
scribed in  section  107. 

x\.t  B,  Fig.  146,  a  track  battery  sends  a  current  through  the 
rails  which  energizes  the  track  relay  at  A,  which  operates  the  sig- 
nal mechanism  at  A.     The  presence  of  even  a 
\X  single  pair  of  wheels  on   the  track  between  A 

f>§*   :^     and  B,  or  even  on  the  siding  up  to  the  "  fouling 
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nt,"  will  cause  the  current  to  be  short-cir- 


cuited and  it  will  fail  to  energize  the  relay  at  A. 
By  this  means  it  is  readily  arranged  that  when 
the  train  passes  A,  A's  signal  will  automatic- 
ally fall  to  ''stop"  and  will  become  locked  there 
so  that  it  cannot  become  unlocked  until  the 
train  passes  the  insulated  joints  at  B.  When 
the  train  passes  B,  the  current  through  the  re- 
lay will  then  become  strong  enough  to  release 
the  lock  and  then  A  can  set  his  signal  to  "clear" 
if  permitted  to  by  B. 

The  method  involves  both  a  wire  circuit 
and  a  track  circuit.  But  when  the  sections  are 
very  long,  it  becomes  very  difficult  to  control  the 
track  circuit  so  as  to  avoid  leakage  and  yet  give 
the  current  sufficient  strength  to  do  its  required 
work.  And  so  the  method  is  still  further  com- 
plicated by  eliminating  long  stretches  of  the 
track  circuit,  but  retaining  it  in  the  track  near 
each  signal  station  so  that  the  signals  will  be 
automatically  operated  and  controlled  as  before. 
It  should  be  noted  that  if  a  car  was  stand- 
ing on  the  siding  and  was  moved  toward  the 
switch  point  by  wind,  or  through  malicious  mis- 
chief or  otherwise,  as  soon  as  it  passed  the  foul- 
ing point  the  signal  at  A  would  automatically 
go  to  ''stop"  and  the  signal  would  stay  locked  until  the  track  was 
cleared.  A  broken  rail  would  have  the  same  effect  of  locking  the 
signal  and  would  start  an  investigation  to  determine  the  trouble. 
145.  Automatic  Systems.  Some  of  the  principal  essentials 
of  the  automatic  systems  have  already  been  described  above.     Some 
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of  the  differences  are  as  follows.  The  mechanical  work  to  be  per- 
formed by  the  electric  current  in  the  controlled  manual  system  is 
limited  to  unlocking  certain  mechanisms  or  unlocking  the  signals 
so  that  by  gravity  they  will  assume  the  "stop"  position.  The  heavy 
work  of  moving  the  signals,  which  are  usually  of  the  "semaphore" 
type  (described  later)  is  performed  by  the  signalmen.  But  auto- 
matic signals  must  be  worked  by  a  mechanism  which  always  has 
sufficient  power  to^move  the  signals.  This  practically  means  that 
the  signals  must  have  such  a  form  and  be  so  worked  that  but  little 
force  will  be  required  to  move  them. 

The  earliest  forms  were  targets  mounted  on  a  vertical  axis 
which  was  swung  around  by  clockwork.  When  set  for  "  stop  "  a 
red  target  would  show;  when  set  for  "clear"  the  red  target  would 
turn  edgewise  and  a  w^hite  target  of  different  form  which  was  previ- 
ously edgewise  (or  perhaps  no  target  at  all)  would  then  show.  A 
lantern,  with  red  lenses  on  two  opposite  faces  and  white  (or  green) 
lenses  on  the  other  two  faces  would  be  set  on  top  of  the  axis.  A 
weight  moving  up  and  down  in  a  hollow  iron  post,  would  be  peri- 
odically wound  up  to  provide  the  power.  Each  time  the  signal  is 
changed  from  "stop"  to  "clear"  or  from  "clear"  to  "  stop"  the  axis 
turns  one-quarter  turn.  One  objection  to  the  method  lies  in  the 
fact  that  since  putting  even  a  handcar  or  a  track  gauge  on  the 
rails  will  turn  the  signal  to  danger  and  taking  it  off  w^ill  restore  it 
to  clear,  the  mechanism  will  be  made  to  work  so  often  that  it  will 
require  rewinding  with  annoying  frequency  and  then  perhaps 
become  run  down  and  fail  to  work. 

To  guard  against  one  source  of  danger,  the  mechanism  is 
made  to  open  the  circuit  and  thus  put  the  signal  to  "stop"  just 
before  it  becomes  run  down,  so  as  to  avoid  the  possibility  of  the 
signal  indicating  clear  when  it  should  indicate,  danger.  The  clock- 
work system  is  still  in  successful  use  on  some  of  the  systems  where 
it  has  been  installed  many  years,  but  the  more  recent  designs  use 
an  enclosed  disk  signal  (described  later).  An  important  detail  is 
the  placing  of  the  signal  200  feet  in  advance  of  the  entrance  of  a 
block  section.  This  enables  the  engineer  to  see  the  signals  turn  to 
danger  as  a  result  of  his  entering  the  block  and  he  thus  knows  that 
there  is  a  signal  protecting  him  until  he  reaches  the  next  sig»aal. 
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If  the  signal  fails  to  work,  it  shows  that  there  is  something  wrong 
with  the  mechanism  and  he  will  take  precautions  accordingly. 

Another  advantage  of  tlie  track  circuit  sjstem  lies  in  the  fact 
that  if  a  switch  be  opened  anywhere  in  a  block,  the  switch  being 
provided  with  a  circuit  breaker,  the  circuit  will  be  broken  and  the 
signal  will  automatically  fall  to  danger.  In  short,  almost  any  de- 
fect or  impediment  to  a  clear  track  will  be  indicated  by  the  signal. 
And  herein  lies  one  troublesome  feature:  the  circuit  is  so  sensitive 
that  any  accidental  short-circuiting  (even  though  not  due  to  any 
defect  or  obstruction  of  the  track)  will  delay  traffic.  The  opposite 
(and  far  more  serious)  error  in  operation— indicating  "  clear"  when 
it  should  indicate  '^  stop" — will  only  be  caused  by  a  defect  in  the 
mechanism,  and  the  record  in  that  respect  is  very  good,  the  pro- 
portion of  such  errors  to  number  of  signal  movements  being 
exceedingly  small. 

146.  Mechanical  Details.  The  train  ord^er  system  does  not 
necessitate  signals  of  any  kind,  but  on  many  roads  which  make  no 
claim  to  a  block  signal  system  a  signal  of  some  sort  wi41  be  dis- 
played from  the  local  train -order  office.  The  signal  may  be  a  mere 
flag  on  a  stick;  an  improvement  is  to  hang  it  from  a  horizontal 
support,  the  lower  edge  being  weighted,  the  whole  being  provided 
with  a  cord  which  is  run  back  to  the  office,  which  permits  the  ready 
display  or  removal  of  the  flag.  Some  western  railroads  have  im- 
proved these  by  using  some  "home-made"  signals  operated  simi- 
larly, but  using  a  target  made  of  thin  w^ood  or  of  sheet  r^etal. 
From  this  it  is  but  a  short  step  to  the  standard  '^  semaphore,"  illus- 
trated in  Fig.  147  and  elsewhere. 

The  semaphore  consists  essentially  of  a  board  about  five  feet 
long,  Qight  inches  wide  at  the  outer  end  and  six  inches  wide  at  the 
hinge  end.  The  hinge  is  a  somewhat  elaborate  casting  with  one  or 
more  ''spectacles"  as  holders  of  colored  glass  lenses.  Since  the 
weight  of  the  casting  on  the  spectacle  side  is  usually  not  sufficient 
to  overbalance  the  weight  of  the  semaphore  board,  a  counterweight 
is  so  attached  that  if  the  rods  or  wires  to  the  signal  cabin  should 
break,  the  signal  will  automatically  assume  the  horizontal  position, 
which  is  universally  considered  as  the  ''  stop  "  or  "  danger  "  signal. 
When  the  axis  of  the  board  passes  through  the  hinge  bolt,  as  is 
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sliown  in  Fig.  147,  the  "  clear  "  position  is  given  by  inclining  the 
board  at  an  angle  of  45°,  as  shown  in  jwsition  B. 

Another  form  is  to  have  the 
board  eccentric  to  the  hinge,  so 
that  it  may  be  dropped  to  a  verti- 
cal position  and  still  show  outside 
of  the  post.  As  a  general  principle 
of  construction,  the  board  should 
be  clearly  visible  even  in  foggy 
weather,  and  therefore  the  board 
should  not  come  down  directly  in 
front  of  the  post,  for  in  fogg)' 
weather  it  would  not  be  clearly 
visible  and  an  engineman  might 
pass  the  signal  thinking  it  was  in 
front  of  the  post,  when  it  might 
have  been  broken  -off  and  should 
have  indicated  danger.  Fig.  147 
shows  a  wooden  post;  the  latest 
high-grade  practice  now  uses  iron 
posts  with  suitable  castings  at  top 
and  bottom.  One  advantage  of 
such  posts  is  the  placing  of  the  rods 
inside  of  the  post  where  they  are 
less  subject  to  interference  from 
snow  and  sleet  and  from  malicious 
mischief. 

The  boards  are  always  set  so 
that  they  point  to  the  right  from 
the  track  which  they  govern,  or 
in  other  words  a  signal  which 
points  to  the  left  of  its  supporting 
pole,  as  seen  by  an  approaching 
train,  governs  trains  moving  in  the 
opposite  direction.  Sometimes  the 
boards  are  painted  red  on  the  gov- 
erning side  and  white  on  the  other 
side,  but  whatever  the  variation  in  practice  the  indication  is  inde- 


Fig.  147.    Semaphore. 
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pendent  of  the  color,  and  on  some  roads  the  color  is  "neutral,"  so 
as  to  emphasize  the  fact  that  tlie  engineman  must  be  governed  by 
theybrm  Siud  position  of  the  board  rather  than  by  the  color. 

The  only  essential  variation  of  form  of  the  blade  lies  in  mak- 
ing the  ends  of  all  home  signals  square  and  of  all  distant  signals 
notched  or  of  a  "fishtail  "  form.    One  other  form  used  for  the  dis- 


Fig.  148. 

tant  signal  is  to  make  it  pointed.  When  there  are  but  two  tracks 
the  semaphores  are  usually  placed  on  separate  posts  on  each  side 
of  the  roadbed.  Even  when  there  are  four  tracks,  the  signals  for 
the  two  tracks  on  each  side  may  be  placed  on  one  main  pole  which 
has  a  cross-arm  and  two  uprights,  each  carrying  one  or  more  sema- 
phores, as  shown  in  Fig.  148.  But  when  there  are  more  than  four 
tracks  (as  in  yards),  and  frequently  on  four-track  roads,  the  signals 
are  carried  on  a  "  bridge  "  such  as  is  illustrated  in  Fig.  149.  In  such 
a  case  the  signals  for  each  track  are  placed  directly  over  the  track. 
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When  more  than  one  square-ended  signal  is  over  a  track,  the 
upper  one  refers  to  the  through  track  and  the  lower  ones  to 
the  switches  which  will  be  immediately  encountered.  Note  in 
Fig.  149  that  the  signal  bridge  in  the  background  has  boards  on 
the  left  side  of  the  posts  and  that  they  are  evidently  white.  This 
shows*  that  the  bridge  governs  movements  toward  the  observer, 
while  the  signals  on  the  bridge  in  the  foreground  evidently  govern 
train  movements  in  the  direction  the  observer  is  looking.  The 
mechanism  of  all  such  signals  is  necessarily  somewhat  exposed, 
and  is  liable  to  be  actually  blocked  when  covered  with  snow  and 
sleet.  A  considerable  amount  of  power  must  therefore  be  available 
to  operate  such  signals. 

Another  form  in  extensive  use  is  the  enclosed  signal. 

Enclosed  signals.  There  are  two  great  arguments  for  and 
against  the  use  of  such  signals.  On  the  one  hand,  the  mechanism 
is  entirely  enclosed  and  protected  from  the  weather  and  is  therefore 
uninfluenced  by  wind,  snow  or  sleet.  Also  the  mechanism  can  be 
made  so  very  light  and  delicate  that  it  requires  only  a  small  per- 
centage of  the  power  required  to  operate  semaphores,  and  therefore 
they  can  be  operated  by  an  electric  current  of  very  low  voltage. 
On  the  other  hand,  the  signal  is  not  one  of  form  and  position  but 
of  color  otily.  It  is  argued  that  it  cannot  be  as  clearly  seen  in 
stormy  weather  and  on  that  account  is  less  safe.  "While  it  is  un- 
questionably true  that  the  signal  indication  is  less  visible  in  bad 
weather  than  a  semaphore,  yet  the  net  advantages  of  the  system 
are  such  that  the  system  is  very  largely  used. 

The  external  appearance  of  the  top  of  the  signal  (the  post 
being  omitted  in  the  illustration)  is  as  shown  in  Fig.  150.  "  Clear" 
is  indicated  by  the  disk  opening  showing  white.  To  indicate 
danger  a  very  light  screen,  made  by  stretching  red  silk  over  a  light 
hoop,  is  swung  over  the  opening.  At  night  the  lantern  on  the  rear 
side  shines  through  the  opening,  showing  white  or  red  according  to 
the  position  of  tlie  screen.  The  detail  of  the  mechanism,  shown 
in  Fig.  151,  explains  its  operation.  Wlien  the  magnet  is  energized 
the  disk  is  drawn  up  out  of  view  and  the  signal  shows  white.  If 
the  current  fails  for  any  reason,  the  disk  falls  by  gravity  and  comes 
into  view.  The  porwer  required  is  so  small  that  the  magnet  not 
only  controls  the  signal  but  also  develops  the  power  to  move  it. 
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147.  Wires  and  Pipes.  Wires  are  used  for  the  transmission 
of  electric  current  and  pipes  are  used  to  transmit  pneumatic  pres- 
sure— as  discussed  later.     But  tlie  above  beadini;  refers  to   wires 


Fig.  150.    Enclosed  Signal. 


and  pipes  as  used  to  mechanically  transmit  motion  from  the  signal 
cabin  to  the  signal.  When  the  parts  may  be  made  to  work  by 
tension,  Ko.  9  wires  may  be  used.  WTien  it  is  required  to  turn  a 
right  angle  a  grooved  wheel  is  used  and  a  short  length  of  chain 


Fig.  151.    Hall  Automatic  Signal  Magnet. 

is  substituted  for  the  wire.     Slight  de- 
cs 

flection  for  pipes  is  accomplished  by  means 
of  a  series  of  bent  rods  running  through 
guides,  as  shown  in  Fior.  152.  If  the  de- 
flection  is  greater,  each  rod  must  have  a 
'^bell  crank."  It  is  possible  to  work  a  sig- 
nal with  one  wire,  depending  on  gravity  for  the  reverse  motion, 
but  good  practice  requires  a  wire  for  each  motion.     Signals  are 
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sometimes  operated  mechanically  at  a  distance  of  2,000  feet  from 
the  cabin.  For  such,  wires  are  practically  a  necessity,  but  when 
the  signals  are  nearer,  pipes  which  may  exert  a  push  as  well  as  a 
pull  are  used. 

ComjH'fisators.     The  coefficient  of  expansion  of  iron  is  so 
high  that  the  change  of  length  in  a  wire  or  pipe  several  hundred 


Deriecting  Rods 

Fig.  152. 

feet  long  is  so  great  that  the  signaling  mechanism  is  thrown  out 
of  adjustment  -unless  there  is  some  automatic  device  to  counteract 
it.  The  change  of  length  of  1,500  feet  of  wire  due  to  a  fall  of 
temperature  from  100^  F.  to  20^  is  1500  X  80  X  .0000065  = 
0.78  foot  =  9.36  inches.     A  much  less  change  than  this  would 

require  adjustment.  The  geometrical 
principle  of  the  automatic  compensators  is 
shown  in  the  upper  part  of  Fig.  153  and 
the  practical  construction  is  shown  below  it. 
By  reference  to  the  figure  it  may  be  seen 
that  if  the  pipe  ah  contracts  so  that  !> 
moves  to  J',  the  point  e  w^ould  be  moved 
to  c\  where  W  =  cg\  But  if  ed  —  ah,  dc 
would  also  contract  to  do.  Therefore  if 
the  compensator  is  placed  midway  between 
the  cabin  and  the  sicrnal,  the  cabin  end  of 
the  pipe  being  fixed,  a  point  at  the  signal 
end  would  retain  its  position  regardless  of  any  temperature  change. 
Bractically  these  arcs  should  not  be  required  tc  work  through 
too  great  an  angle.  It  has  been  found  that  500  feet  is  a  desirable 
limit.  Therefore  if  a  signal  was  1,000  feet  away  from  the  cabin, 
two  compensators  should  be  used,  each  placed  250  feet  from  the 
ends.     Then  the  position  of  the  ends  and  the  middle  point  would 


Fig.  153. 
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be  unchanged  by  temperature.  It  should  he  noted  that  the  in- 
sertion of  such  a  mechanism  changes  the  direction  of  the  motion 
of  the  pipe;  v.^'.,  if  ah  moves  to  the  right  cd  will  move  to  the 
left,  and  vice  versa.  Therefore  one  section  or  the  other  must  be  in 
compression,  and  such  a  com- 
pensator is  applicable  only  t'o 
pipes.  No  compensator  which 
is  equally  satisfactory  has  ever 
been  designed  for  use  with  wires. 
They  all  require  a  spring  or 
weight  which  takes  up  the  slack, 
but  if  the  wire  gets  caught  some- 
where this  spring  or  weight  may 
be  pulled  because  its  resistance 
is  less,  and  then  the  signal  does 
not  operate.  Several  designs  are 
in  use  and  they  work  satisfac- 
torily a«  long  as  the  mechanism 
is  in  order. 

148.  Electro-Pneumatic 
Signals.  The  mechanical  move- 
ment of  signals  by  wires  and 
rods  is  practically  limited  to 
about  2,000  feet  and  even  at  this 
distance  it  is  troublesome.  Elec- 
tric power  from  batteries  may  be 
used  when  the  power  required  is 
very  small.  An  electro-pneu- 
matic system  uses  compressed 
air  whose  power  can  be  sent  any- 
where through  pipes  and  which 
may  be  made  to  move  not  only 
signals  but  switches.  The  valves 
controlling  the  pistons  are  oper- 
ated electrically  by  a  current  of 

low  intensity,  which  may  be  provided  by  batteries  but  which  in  a 
plant  of  much  magnitude  is  more  economically  obtained  from 
storage  batteries  which  are  charged  from  a  dynamo.     The  operation 


Fig.  154.    Electro-Phaeumatic  Signal 
Mechanism. 
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of  the  valve  is  shown  in  Fig.  154.  In  the  position  shown  the 
magnet  is  not  energized.  AVhen  it  is,  the  armature  (at  the  top) 
is  draw^n  down,  which  opens  the  conical  valve  just  above  the  spring, 
and  the  air  passes  froiu  the  pressure  pipe  through  the  valve  and 
down  the  passage  alongside  of  the  valve  chamber  until  it  bears 

on  the  top  of  the  piston,  which 
is  shown  in  its  extreme  upward 
position.  When  the  piston  is 
forced  dowai,  it  will  raise  the 
counterw^eight  (see  Fig.  155)  and 
put  the  signal  at  "  clear."  When 
the  magnet  is  de-energized  for 
any  reason,  the  spring  forces  the 
valve  up,  the  air  in  the  cylinder 
escapes  through  the  exhaust  and 
the  counterweight  not  only  raises 
the  piston  to  the  top  but  drawls 
the  signal  to  indicate  danger. 
A  failure  of  either  the  current 
or  the  pressure  will  thus  put  the 
signal  at  danger. 

149.  Electric  Semaphores. 
Still  another  modification  of  au- 
tomatic signals  is  the  electric 
semaphore,  which  is  a  semaphore 
of  the  usual  type,  operated  by 
an  electric  motor  of  about  J 
horsepower,  the  motor  obtaining 
its  current  from  a  set  of  10  to 
16  Edison-Lalande  battery  cells 
which  are  placed  in  a  box  at  the 
foot  of  the  signal  post.  The 
motor  winds  up  a  light  wire 
cable  which  raises  the  counterweight  and  thereby  sets  the  signal 
at  "  clear."  The  motor  is  started  and  stopped  by  the  action  of  a 
relay  connected  to  the  track  circuit.  The  track  circuit  has  the 
fundamental  principles  previously  described,  but  has  been  made 
somewhat  complicated  so  as  to  provide  for  the  operation  of  distant 


Fig.  155.    Electro-Pneumatic  Signal. 


264 


RAILROAD  ENGINEERING  183 

as  well  as  home  signals  and  also  the  protection  of  and  froin  all 
switches  in  the  section.  For  the  details  of  the  track  circuits  the 
student  is  referred  to  the  more  complete  works  on  this  subject 
previously  mentioned. 

INTERLOCKING. 

150.  Principles.  The  interlocking  of  the  switches  and  sig- 
nals of  a  large  terminal  yard  is  such  a  complicated  piece  of  mech- 
anism that  any  adequate  explanation  and  description  would  require 
too  much  space  here.  Nothing  will  be  attempted  but  a  demon- 
stration of  the  fundamental  principle.  The  reason  for  the  necessity 
of  interlocking  is  simple.  A  mere  inspection  of  the  design  of  a 
complicated  yard  will  show  that  it  is  readily  possible  to  arrange  a 
large  number  of  combinations  of  different  switch  movements  for 
the  operation  of  an  equal  number  of  trains  simultaneously.  But 
the  operation  of  such  switches  is  controlled  from  a  signal  cabin, 
and  unless  there  are  limitations  on  the  combinations  a  signalman 
would  be  liable  to  set  switches  and  signals  so  that  two  or  more 
trains  might  collide.  The  fundamental  principle  of  the  interlock- 
ing device  is  comprised  in  the  following  statements: 

{a)  all  switch  signals  are  normally  at  danger; 

(b)  no  switch  lever  maybe  set  for  any  route  until  the  switches 
for  any  other  route  which  might  cause  a  collision  have  been  locked; 

(6')  the  signal  cannot  be  set  to  run  through  any  switch  until 
the  switch  itself  is  set. 

Although  an  engineman  may  cause  a  collision  by  running 
past  a  danger  signal,  the  worst  that  a  careless  signalman  can  do  is 
to  delay  trafhc.  He  cannot  set  signals  and  switches  so  as  to  cause 
a  collision  or  even  a  "  side  swipe."  The  design  of  the  interlocking 
machine  must  therefore  be  based  on  a  study  of  the  safe  combina- 
tions, and  then  the  interlocking  machine  must  have  its  "  cross 
locks "  and  "  locking  dogs  "  so  arranged  that  no  interference  is 
possible.  The  case  illustrated  in  Fig.  156  has  purposely  been 
made  as  simple  as  possible.  The  upper  part  shows  merely  the 
locking  dogs  (shaded  full  black)  which  are  fastened  on  to  the 
"  locking  bars "  (which  run  crosswise)  and  the  '*  cross  locks " 
(shaded  with  cross  hatching),  which  move  at  right  angles  to  the 
locking  bars.     In  the  lower  part  of  the  figure  are  shown  the  signals 
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and  tracks  for  a  crossover  from  a  main  track.  No.  1  is  the  dis- 
tant signal,  No.  2  is  the  home  signal  governing  the  main  track 
with  respect  to  the  crossover,  No.  3  are  the  switch  levers  which 
work  simultaneously,  No.  4  is  the  signal  governing  movement  from 
the  siding  to  the  main  track,  and  No.  5  is  the  signal  governing 
movement  from  the  main  track  to  the  siding.  No  lever  for  a  sig- 
nal or  a  switch  can  be  moved  without  simultaneously  moving  the 
locking  bar  (having  the  corresponding  number)  from  right  to  left 
as  shown  in  the  ficrure. 


on    n,i  ,,. 


'■'Cross  JocksV 


Locking    dogs. 


Fig.  156.    Interlocking. 

The  wedge-shaped  ends  of  the  locking  dogs  will  move  (if 
possible)  the  cross  locks  with  which  they  may  come  in  contact.  If 
any  cross  lock  is  immovable  because  it  is  already  in  contact  w^ith 
some  other  locking  dog,  then  it  will  be  impossible  to  move  that 
lever  until  the  lever  (or  levers)  controlling  all  interfering  locking 
dogs  have  been  so  moved  as  to  remove  the  obstruction.  The  posi- 
tion of  the  locking  dogs  in  Fig.  156  is  that  for  all  signals  normal 
or  at  "danger."  Suppose  it  were  attempted  to  ''clear"  signal 
No.  1.  To  do  so,  locking  bar  No.  1  must  move  the  cross  lock 
No.  1.  But  this  is  impossible  since  one  of  the  dogs  on  locking 
bar  No.  2  interferes.     Lever  No.  1  cannot  therefore  be  moved  until 


1   ^1 

1  <     im 

INTERIOR  OF  A  RAILWAY  SNOW-SHED  IN  THE  ROCKY  MOUNTAINS 

Wooden  construction.     Many  miles  of  such  structure  are  necessary  to  keep  the  roaaway 
open  in  spite  of  snow-slides  and  drifts. 
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lever  No.  2  has  been  cleared,  which  oj)eration  will  move  that  dog  far 
enough  to  the  left  so  that  the  cross  lock  can  move  up.  And  this 
is  in  accordance  with  the  principle  previously  stated  that  a  distant 
signal  should  not  be  cleared  until  its  home  signal  is  cleared. 

As  another  illustration,  when  the  signal  No.  2  has  l)een 
cleared,  the  locking  l)ar  No.  2,  by  means  of  its  attached  dogs, 
moves  the  cross  lock  No.  2  upward.  This  cross  lock  is  then  set 
against  locking  dogs  on  each  of  locking  bars  No.  3  and  No.  5  and 
prevents  them  from  being  cleared.  Of  course  the  signals  for  the 
crossover  should  not  be  cleared  while  the  signal  is  set  for  a  clear 
main  track. 

Exercise.  The  student  should  draw  a  modification  of  the 
upper  part  of  Fig.  156,  as  it  would  be  placed  to  indicate  that  the 
switch  was  set  for  a  crossing  from  the  siding  to  the  main  track. 
It  should  be  noted  that  signal  No.  4  h  set  "clear"  when  it  is  de- 
signed  to  move  along  the  siding  without  using  the  switch,  and 
No.  5  is  set  clear  when  the  switch  is  set  so  that  a  train  could  run 
backward  past  the  switch  without  using  it.  Both  No.  4  and  No. 
5  are  set  at  *'danoper"  when  it  is  designed  to  run  from  one  track  to 
the  other. 

The  cross  locks  No.  1  to  No.  -t  inclusive  are  each  in  one  piece 
with  notches  cut  for  the  dogs.  Cross  lock  No.  5  has  the  upper 
part  separate.  When  the  lower  part  is  moved  it  does  not  move 
the  upper  part  unless  the  "tappet'-  on  locking  bar  No.  3  has  previ- 
ously been  moved  between  the  parts.  The  tappet  is  unnecessary 
with  the  simple  combination  of  levers  shown,  but  might  be  neces- 
sary with  a  somewhat  more  complicated  system. 

Of  course  the  above  description  makes  no  mention  of  a  multi- 
tude of  details  necessary  for  a  manual  machine,  to  say  nothing  of 
the  complication  required  tor  an  electro-pneumatic  interlocking 
machine.  But  whatever  the  complication  or  how  many  may  Ix? 
the  number  of  levers,  the  interlocking  principle  is  as  above. 

TRACK   MAINTENANCE. 

151.  Tools.  Tools  should  be  of  good  quality  and  well 
designed  for  their  use.  Economy  in  this  respect,  to  save  initial 
cost,  is  apt  to  increase  the  labor  item  and  since  the  labor  costs  over 
GO   per  cent  of  the  total  cost  of  track  maintenance,  a  very  little 
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discoiiragenient  of  labor  owing  to  inefficient  tools  would  more  than 
overbalance  any  possible  saving  in  cost.  The  list  of  tools  required 
for  the  varied  work  of  a  track  gang  is  quite  large,  and  therefore  an 
effort  should  be  made  to  pare  down  the  list  as  much  as  is  practicable 
or  safe,  because  it  is  correspondingly  difficult  for  a  track  foreman 
to  prevent  losses  due  to  carelessness.  The  following  list  is  based 
on  the  requirements  of  a  gang  of  six  trackmen  and  a  foreman. 

A  large  proportion  of  the  tools  are  for  work  on  which  not 
more  than  one  or  two  men  need  work  at  any  one  time.  When  the 
list  calls  for  six  or  more  of  any  one  tool,  they  are  always  the  tools 
which  are  in  constant  or  excessive  use,  or  which  are  liable  to 
become  quickly  broken,  and  of  which  an  extra  supply  is  a  neces- 
sity for  use  while  waiting  for  requisitions  to  make  up  for  loss  or 
breakage.  The  list  is  taken,  with  some  slight  modifications,  from 
Camp's  Notes  on  Track. 


Adzes 2 

Ax—  chopping 1 

Ax— hand 1 

Auger,  2-inch 1 

Bars— claw 2 

".  — crow 0 

"    — pinch 6 

"    — raising 1 

"    — tamping 8 

Brace  and  bits 1 

Brooms  (coarse) 2 

Brush  hooks 2 

Car— hand 1 

"  — push 1 

Car  chains 2 

Chisels— cold 2 

"      —track 12 

"      — wood 1 

Curving  hooks 2 

Chalk  line 100  ft. 

Ditch  line loO  ft. 

Drawshave 1 

Dippers  (or  cups) 2 

Files 3 

Flags— red. . . .- 4 

"    —green 2 

Forks— ballast* 4 

Gauge 1 


Grindstone 1 

Hammers — spike 4 

"    —sledge— 16  lbs.  1 
"    —strike— 10  lbs.  1 


"    —nail — claw 

"    ^ballast*... 

Hatchet 


1 
6 
1 

Hoe— garden 1 

Jack — track 1 

Key — switch 1 

Lanterns — white 2 

—red 2 

"       —green 2 

Level  board 1 

"    — spirit — pocket  1 
Locks — switch — extra  2 

Mattocks 2 

Oil  can — 1  gal 1 

"      '< 2   "  1 

Oiler— squirt 1 

Padlocks 2 

Picks 8 

''    — tamping*. ...  8 

Punch — hand 1 

Rake — garden 1 

Rail  drill 1 

"       "      bits 6 

Rule — two-foot 1 


Scythes — grass 4 

"      — brush 4 

Snaths 4 

Shovels— track 8 

"      — scoop 4 

"  — long  handle  1 
Saw— hack,  blades ...  12 

''  "      frame  .  ..  1 

hand 1 

"       crosscut 1 

Screwdriver 1 

Spade 1 

Steel  square 1 

Tape   (50',  graduated 

to  tenths) 1 

Tongs — rail 4 

Tool  box 1 

Tool  checks 6 

Torpedoes  (with  box).24 

Verona  spike  puller . .  1 

Vise 1 

Water  pail  or  jug 1 

Weed  scuffles G 

W^heel barrows 8 

Whetstones 4 

Wire  stretcher 1 

Wrenches— track 3 

"      —monkey  (8")  1 


*  Needed  only  in  stone  ballast. 
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The  first  comment  on  the  above  list  is  in  regard  to  the  Tiars 
of  various  kinds.  Claw  ljart<  are  used  for  spike  pulling.  The 
ideal  design  is  one  that  would  permit  pulling  the  spike  with  one 
stroke  without  changing  the  fulcrum,  and  that  will  also  pull  it 
clear  out  without  bending.  Apparently  this  is  mechanically  im- 
possible  and  in  spite  of  the  many  efforts  which  have  been  made  and 
the  new  designs  which  have  been  brought  out,  the  old  "bull's 
foot"  claw  bar  seems  to  be  the  best. 

The  ^^  Verona  spike  puller''^  is  attached  to  a  spike  which  is 
in  a  confined  place  (such  as  behind  a  guard  rail)  and  is  operated 
by  means  of  an  ordinary  claw  bar  resting  on  top  of  the  rail. 

"  Crovj "  hars  are  considered  to  be  those  which  taf)er  down 
symmetrically  to  a  wedge-shaped  edge  at  the  so-called  '^  point," 
in  contradistinction  to  "^^7l(?A"  hai's  on  which  the  chisel  edge  is 
even  with  (or  outside  of)  the  face  line  of  the  bar.  The  numl>er 
of  crow  bars  is  put  at  "  0  "  to  emphasize  Mr.  Camp's  opinion  that 
the  crow  bar  form  should  not  be  used  and  that  the  pinch  bar  form 
is  far  preferable. 

Tamping  hars  should  not  weigh  more  than  10  pounds  nor 
should  they  be  more  than  5  ft.  3  in.  long.  If  the  handle  is  solid  it 
is  rather  small  and  hard  to  hold.  It  is  therefore  sometimes  made 
as  a  pipe,  with  a  malleable  tamper.  Another  form  uses  a  wooden 
handle. 

Track  chisels  are  cold  chisels  provided  with  a  handle  of  wood 
by  which  they  may  be  more  readily  and  safely  held  in  position. 
They  should  be  about  li  in.  square  and  8  in.  long,  made  of  tool 
steel.  A  single  blow  may  break  them  or  render  them  useless 
until  re-tempered  and  re-ground,  and  therefore  a  large  number  is 
necessary. 

Gauges.  These  may  be  divided  into  three  classes.  The  first 
is  the  "  home-made  "  type  of  wooden  gauge  which  is  perhaps  brass 
bound.  One  common  objection  to  this  form  consists  in  the  danger 
that  it  will  not  always  be  placed  truly  at  right  angles  to  the  track. 
The  effect  of  this  error  is  to  make  tight  gauge.  To  obviate  this 
error,  the  "  Huntington  "  track  gauge  has  at  one  end  two  lugs 
about  seven  inches  apart  and  one  lug  at  the  other  end.  The  gauge 
is  the  distance  from  the  single  lug  to  the  middle  point  of  the  seven - 
inch  line,  the  two  lines  being  at  right  angles.     The  device  is  theo- 
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retically  perfect  provided  that  the  two  lugs  at  the  one  end  are  both 
in  contact  with  the  head  of  the  rail.  A  slight  error  in  this  respect 
will  make  the  gauge  too  wide.  The  ''  Warren  "  gf^ug^  hus  two 
short  circular  arcs  forming  part  of  a  complete  circle,  whose  diam- 
eter is  the  gauge,  fastened  to  the  gauge  bar. 

Jliotuiiers.  For  section  work,  spike  hammers  should  not 
weigh  more  than  8  pounds  and  have  a  length  of  about  10*^  inches. 
The*  16-pound  sledge  is  only  needed  for  occasional  very  heavy 
work,  when  it  is  however  almost  essential.  The  10-pound  striking 
hammer  is  the  better  one  to  use  with  track  chisels  rather  than  to 
use  the  spiking  hammers  as  is  so  frequently  done.  The  ballast 
hammers  are  only  used  for  breaking  up  stone  for  ballast  and  are 
unnecessary  even  for  this  purpose  if  machine  broken  ballast  of 
uniform  size  is  furnished. 

Track  jack.  One  of  these  is  illustrated  in  Fig.  107.  They 
are  certainly  handy  and  economical  tools  for  the  track  gang,  but 
more  than  one  serious  wreck  has  been  caused  by  the  inability  of 
the  gang  to  remove  the  jack  before  the  arrival  of  an  unexpected 
train,  and  as  a  derailing  device  a  jack  is  exceptionally  effective. 
Track  instructions  generally  specify  that  they  must  not  be  placed 
between  the  rails. 

Level  hoard.  Such  a  board  usually  lias  a  level  tube  sunk  in 
the  upper  edge.  At  one  end  a  series  of  steps  are  cut,  each  with 
a  base  of  about  two  inches,  and  with  risers  of  one-half  inch,  begin- 
ning at  the  lower  edge.  The  discussion  on  the  superelevation  of 
the  outer  rail  (see  ^  110)  shows  the  foolishness  of  over- refinement 
in  such  work.  If  the  required  superelevation  is  2.5  in.,  the  fifth 
step  of  the  board  may  be  placed  on  the  outer  rail  and  the  plain 
end  on  the  inner  rail.  When  the  track  is  properly  adjusted  the 
bubble  should  be  in  the  center.  Of  course  the  adjustment  of  the 
level  bubbles  should  be  carefully  watched  and  frequently  adjusted 
if  necessary. 

Shovels.  The  best  shovel  for  track  work  is  the  short  handled 
shovel  with  square  point,  made  out  of  a  single  piece  of  crucible 
steel.  The  blade  should  have  a  length  of  about  12  in.  When 
this  has  been  worn  down  to  9  in.  it  should  be  thrown  away — for 
track  work.     Its  use  is  then  uneconomical.     The  scoop  shovels  are 
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for  liaiullino;  cinders  and  packed  snow.     The  long-lmndled -sliovel 
is  for  digging  post  holes.      It  should  be  round -pointed. 

The  above  list  includes  only  the  tools  which  will  be  required 
by  almost  any  track  gang.  Cant-hooks  and  peavies  are  frequently 
necessary  for  handling  timber.  Blasting  drills,  wedges,  powder 
and  fuse  are  sometimes  needed  to  break  up  masses  of  rock  which 
may  have  fallen  into  a  cut.  Culverts  and  bridge  channels  get 
choked  up  with  timber  and  debris  of  various  kinds  which  may  need 
ropes  and  tackle  to  clear  them.  A  jim-crow  rail  bender  is  occa- 
sionally necessary,  although  one  such  may  be  made  to  serve  two  or 
more  section  oranors. 

152.  Work  Trains.  The  work  of  a  track  gang  is  usually 
confined  to  one  "  section,"  which  is  usually  not  more  than  five 
miles  long,  and  which  on  roads  of  the  very  heaviest  traffic  may  be 
shortened  up  to  a  mile.  On  exceptionally  poor  light  traffic  roads, 
they  are  made  eight  and  even  ten  miles.  For  ordinary  work  their 
hand  car  and  push  car  furnish  all  needed  transportation  facilities 
for  themselves  and  materials.  But  there  is  much  work  which  is 
more  irregular  in  its  character,  which  must  be  handled  on  a  larger 
scale,  and  which  requires  for  economy  a  work  train.  Such  work  is 
the  distribution  of  track  materials  such  as  ties,  rails  and  ballast 
from  the  sources  of  supply  to  the  places  on  the  road  where  they  are 
needed.  Also,  when  re-ballasting  is  to  be  done  on  an  extensive 
scale,  when  heavier  rails  are  to  be  substituted  throughout,  or,  in 
short,  when  there  is  any  work  to  be  done  which  is  beyond  the 
routine  work  of  keeping  the  track  up  to  its  normal  condition,  then 
a  work  train  with  its  usual  force  of  laborers  can  accomplish  the 
work  with  greater  economy. 

The  work  train  is  usually  hauled  by  the  worst  engine  on  the 
road,  sometimes  by  one  which  would  otherwise  be  sent  to  the  scrap 
heap.  AVhatever  the  justification  of  this  policy,  it  may  be  carried 
so  far  that  the  regular  train  service  suffers  by  the  inability  of  the 
work  train  to  keep  out  of  the  way  of  regular  traffic,  or  else  there  is 
the  false  economy  of  wasting  the  time  of  the  work  train  gang  while 
trying  to  save  by  utilizing  a  worthless  engine.  A  passenger  engine 
which  may  have  proved  too  light  for  regular  service  is  preferable 
to  a  freight  engine,  since  the  work  train  should  be  capable  of  mak- 
ing good  speed  in  running  to  a  siding  and  the  load  is  usually  light. 
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The  minimum  requirements  for  the  train  should  include  a  large 
caboose  and  a  fiat  car  provided  with  large  tool  boxes  for  picks, 
shovels,  bars,  hammers  and  other  track  tools.  Underneath  the 
caboose  may  be  hung  a  large  box  in  which  may  be  stored  ropes, 
pulley  blocks,  chains,  jacks,  etc.  Since  the  cost  of  train  crew 
wages,  fuel,  and  other  expenses  which  must  be  charged  up  for  the 
use  of  the  rolling  stock  will  aggregate  about  |25  per  day,  there 
should  be  enough  laborers  attached  to  the  train,  and  their  work 
should  be  so  planned  as  to  justify  this  additional  expenditure. 

The  minimum  number  of  laborers  should  be  about  20,  and 
this  should  be  increased  to  as  many  as  can  be  profitably  employed. 
Since  the  woik  of  the  train  is  scattered  over  a  great  distance,  the 
company  must  choose  between  wasting  considerable  time  both 
morning  and  evening  while  carrying  the  gang  to  and  from  their 
homes,  together  with  many  miles  of  train  service,  or  of  providing 
boarding  cars,  provided  with  bunks  and  one  or  two  cars  for  kitchen 
and  dining  cars.  One  large,  clean  box  car  can  be  easily  and 
cheaply  fitted  up  as  kitchen  and  dining  car  for  24  men.  If  the 
crew  is  much  larger,  one  car  should  be  devoted  to  kitchen  and  the 
storage  of  supplies  and  another  car  used  for  a  dining  car.  An 
ordinary  box  car,  or  an  old  passenger  car  can  be  readily  fitted  up 
with  four  double  lower  berths  and  four  double  upper  berths  on  one 
side  and  four  lower  and  four  upper  single  berths  on  the  other  side, 
thus  accommodating  24  men.  Even  better  accommodations  may 
be  provided  when  the  need  for  such  a  train  and  gang  is  so  regular 
that  it  will  have  practically  permanent  employment.  A  little 
extra  money  spent  by  the  company  in  providing  comforts  for  the 
men  is  immediately  repaid  in  a  better  quality  of  work  and  less 
straggling  off. 

153.  Ditching.  While  the  routine  clearing  up  of  ditches  is 
part  of  the  work  of  a  section  gang,  it  will  frequently  happen, 
especially  when  the  slopes  have  a  disintegrating  soil,  and  also  when 
the  slopes  have  been  made  originally  too  steep,  that  the  winter's 
frosts  will  fill  up  the  ditches  to  such  an  extent  that  it  is  best  taken 
out  with  a  work  train  gang.  Ordinarily  the  section  gang  would 
need  to  load  such  material  on  their  push  car  or  on  wheelbarrows 
and  run  the  material  out  to  the  end  of  the  cut  where  it  may  be 
harmlessly  wasted.     If  the  cut  is  very  long,  such  hauling  would 


«7« 


RAILROAD  ENGINEERING  191 

be  very  expensive.  Since  the  regular  schedule  will  not  usually 
permit  the  train  to  stand  long  on  the  main  track,  especially  on  a 
single-track  road,  the  loading  must  be  done  in  the  shortest  possible 
time.  This  usually  implies  that  a  part  of  the  gang  should  remain 
at  the  cut  while  the  train  is  running  off  to  unload  and  that  tliey 
should  all  work  there  if  the  train  must  run  to  a  siding  merely  to 
let  a  regular  train  pass.  During  such  times  the  men  can  scrape 
down  all  loose  material  from  the  side  slopes  and  loosen  up  the  fill- 
ing in  the  ditch,  so  that  it  is  all  ready  for  shovelling  when  the 
train  arrives. 

When  the  cuts  are  not  very  deep,  such  material  is  sometimes 
thrown  up  on  the  top  of  the  bank,  even  by  using  a  temporary 
staging  on  which  the  earth  is  thrown  and  then  again  shoveled  to 
the  top  of  the  bank.  In  any  such  case  the  earth  should  be  thrown 
well  back  from  the  edge  of  the  bank  so  as  to  guard  against  its 
being  again  washed  into  the  cut.  It  also  should  not  interfere  with 
the  surface  ditch  which  should  have  been  cut  on  the  top  of  the 
bank  to  prevent  surface  water  from  the  slope  above  from  running 
down  into  the  cut.. 

154.  Distributing  Ties.  The  methods  to  be  used  necessarily 
vary  with  the  sources  of  supply.  If  ties  were  obtainable  from 
farmers  and  were  delivered  along  the  right-of-way  on  every  sec- 
tion of  the  road,  very  little  if  any  distribution  by  a  work  train 
would  be  necessary.  When,  as  the  other  extreme,  there  is  no  local 
source  of  supply,  the  ties  must  be  hauled  many  miles  and  so  dis- 
tributed that  subsequent  distribution  by  the  trackmen  will  be 
reduced  to  a  minimum.  Since  economy  requires  that  ties  shall 
only  be  replaced  by  an  actual  count  of  those  which  are  defective, 
an  essential  preliminary  is  that  a  marker  shall  be  placed  along  the 
the  track  for  every  ten  ties  required,  or  that  the  number  required 
between  two  consecutive  telegraph  poles  shall  be  marked  on  the 
poles  so  that  it  may  be  seen  as  the  train  approaches.  By  this 
means  ties  may  be  thrown  off  as  required  while  the  train  is  mov- 
ing at  a  speed  of  about  six  miles  per  hour.  On  light  traffic  roads 
the  work  of  tie  distribution  is  frequently  done  by  the  local  freight 
train.  While  this' may  be  and  often  is  the  best  policy,  the  cost 
per  tie  is  much  greater. 


«73 


192  RAILROAD  ENGINEERING 

155.  Distributing  Rails.  The  method  of  handling  rails  de- 
pends very  largely  on  the  cars  on  which  they  are  loaded,  and  also 
on  their  length.  They  are  dropped  off  most  easily  when  loaded  on 
to  flat  cars,  but  frequently  they  are  loaded  on  to  gondolas  and  even 
in  box  cars  by  making  a  hole  in  the  end  of  the  car.  Rails  of  45 
and  60  feet  can  only  be  loaded  on  to  two  consecutive  flat  cars.  If 
they  are  being  unloaded  in  one  place  simply  for  storage,  a  derrick 
of  some  kind,  even  though  temporary,  is  wise  economy.  For  dis- 
tribution along  the  track  they  are  either  dropped  over  the  side  of 
the  car  or  pulled  off  from  the  end.  If  they  are  dropped  over  the 
side  they  are  apt  to  be  kinked.  Sometimes  they  are  slid  off  on  skids 
made  of  two  timbers  or  pieces  of  rail  about  10  feet  long,  but  this 
is  impracticable  in  some  localities  and  it  lands  the  rail  at  some  dis- 
tance from  the  track.  The  car  to  be  immediately  unloaded  may 
be  placed  at  the  extreme  rear  of  the  train.  Then  a  rail  hook  at- 
tached to  a  suflicient  length  of  rope  may  be  hooked  into  one  of  the 
bolt  holes  and  the  rail  may  be  drawn  off  the  end.  By  placing  a 
"dolly"  on  the  end  of  the  car  the  rail  may  readily  be  drawn  off  by 
hand.  As  soon  as  the  center  of  gravity  passes  the  dolly,  the  outer 
end  falls  easily  to  the  track  and  then,  pulling  the  train  ahead,  the 
other  end  is  let  down  easily  as  it  drops  off.  Sixty-foot  rails  are  so 
flexible  that  a  considerable  part  of  the  length  will  be  resting  on 
the  ground  before  the  other  end  leaves  the  car,  and  will  not  be  in- 
jured by  dropping  on  the  ties. 

When  the  rails  are  especially  long  and  heavy,  an  easier  method 
is  to  hook  on  the  rail -hook  and  attach  the  ropes  to  a  track  rail  or 
around  a  tie.  Then  let  the  train  move  ahead  until  the  rail  is 
drawn  off*.  Even  the  dolly  under  the  rail  at  the  end  of  the  car  is 
unnecessary  with  this  method.  If  rails  are  needed  for  both  sides, 
two  such  ropes  and  hooks  may  be  used  simultaneously.  With  a 
little  more  care  this  may  be  so  done  that  the  end  of  each  rail  comes 
almost  exactly  at  the  required  joint,  even  allowing  for  staggering 
the  joints  on  the  two  lines  of  rails.  By  attaching  a  push  car  to 
the  car  carrying  the  rails,  the  rails  may  pass  over  that  and  down 
on  to  the  ground  without  any  danger  of  injury  from  the  drop. 

The  reverse  operation— loading  old  rails  onto  a  car — is  heavy 
and  costly  work  when  done  by  hand.  The  best  plan  is  to  do  it  by 
means  of  a  derrick.     If  it  must  be  done  without  such  aid,  it  facili- 
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tates  tbe  work  to  make  an  inclined  plane  by  attaching  a  push  car 
to  tbe  liat  car  on  wbicb  tbe  rails  are  to  be  loaded,  and  tben  by 
placing  several  dollies  on  tbis  plane,  tbe  rails  may  run  up  on  rollers 
witb  a  minimum  of*actual  lifting.  It  migbt  be  tbougbt  that  a 
70-lb,  rail,  30  feet  long,  wbicb  weigbs  700  pounds,  gliould  not  l>e 
an  excessive  load  for  six  men.  Wben  tbe  men  are  carefully  drilled 
to  lift  together  and  simultaneously  raise  tbe  rail  above  tbeir  beads 
and  tbrow  it  witb  macbine-like  precision  on  to  tbe  car,  it  may  l)e 
(and  is)  successfully  done  in  tbis  way,  but  if  one  or  two  men  shirk 
or  do  not  lift  witb  tbe  others,  the  load  is  concentrated  on  tbe  others. 
They  successively  become  frightened  and,  to  save  themselves,  "jump 
from  Tinder";  the  remainder  cannot  sustain  tbe  load  and  it  falls. 
It  is  lucky  if  someone  does  not  have  a  foot  crushed.  Tbe  longer 
and  heavier  rails  cannot  be  handled  in  tbis  way. 

156.  Handling  Ballast.  A  railroad  must  consider  itself 
unfortunate  if  it  does  not  liave  a  gravel  bank  at  some  place  along 
its  line.  Tbe  bank  generally  extends  into  the  adjoining  property, 
which  is  either  bought  outright  or  tbe  gravel  privilege  is  bought. 
Tbe  last  method  generally  specifies  that  the  top  soil  shall  be  reserved 
and  spread  upon  the  excavation  after  tbe  grav^el  is  exhausted.  The 
gravel  is  usually  overlaid  with  more  or  less  vegetable  soil.  Some- 
times tbe  amount  of  this  is  so  insignificant  that  its  presence  may 
be  ignored,  but  if  the  depth  is  appreciable  it  will  pay  to  strip  it. 
A  spur  track  whose  minimum  length  is  tbe  length  of  the  train 
must  be  run  off  from  tbe  main  track.  The  method  of  attacking 
the  bank  depends  on  tbe  method  of  digging — whether  by  steam 
shovel  or  by  hand  digging  and  shoveling. 

About  twenty  cubic  yards  per  day  may  be  considered  a  fair 
day's  work  in  loading  gravel  cars  at  tbe  pit.  A  steam  shovel  witb 
a  dipper  holding  1^  to  2  cubic  yards  can  load  800  to  1,200  cubic 
yards  per  day,  depending  on  the  prompt  handling  of  the  cars  wben 
loaded.  Even  this  figure  has  been  greatly  increased  under  excep- 
tionally favorable  conditions.  But  the  use  of  a  steam  shovel  implies 
tbe  use  of  a  locomotive,  which  must  be  constantly  at  the  pit  shift- 
ing tbe  cars  so  that  there  is  a  car  constantly  in  place  within  range 
of  the  shovel.  The  cost  of  running  such  a  shovel  witb  its  attendant 
locomotive  will  be  al)out  |50  per  day.  Tbis  will  pay  about  40 
laborers  who  could  dig  about  800  cubic  yards.     Therefore,  unless 
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the  circumstances  are  so  favorable  that  the  shovel  can  exceed  800 
cubic  yards  per  day,  the  work  may  be  done  about  as  cheaply  by 
hand  shoveling.  This  is,  however,  about  the  limiting  case.  With 
good  management  a  large  shovel  can  take  out  gravel  much  cheaper 
than  it  can  be  done  by  hand.  20  cubic  yards  per  day  at  a  labor 
cost  of  $1.25  per  day  makes  the  gravel  cost  about  six  cents  per 
cubic  yard  loaded  on  the  car  at  the  pit.  The  average  cost  of  such 
hauling  on  a  Western  railroad  was  computed  by  the  management 
to  be  0.35  cent  per  cubic  yard  per  mile.  In  this  case  the  quantity 
handled  was  very  large  and  the  cost  may  be  considered  exception- 
ally low. 

When  the  work  is  done  on  a  small  scale,  and  especially  when 
the  gravel  is  loaded  by  hand,  hand  methods  would  be  used  for 
unloading,  but  there  is  great  economy  in  the  use  of  a  plow  for 
unloading.  This  implies  the  use  of  flat  cars,  which  are  in  fact 
almost  universally  used  for  ballast  work — barring  the  special  pat- 
ented ballast  cars.  The  plows  are  "center  unloading"  or  "side 
unloading,"  and  some  of  the  most  recent  forms  are  adjustable  so 
that  they  will  unload  all  to  either  side  or  will  unload  to  both  sides 
in  any  desired  proportion.  The  plow  is  drawn  over  the  tops  of  the 
cars  by  a  cable.  The  cheapest  method  is  to  stop  the  train  where 
desired,  set  the  brakes,  uncouple  the  locomotive  and  attach  to  it  a 
1^"  or  IJ"  wire  cable.  Commencing  with  th^plow  at  the  rear  car 
the  locomotive  moves  ahead  and  draws  the  plow  over  all  the  cars. 
This  method  has  many  objections,  especially  when  it  is  done  on 
curves.  A  much  better  method  is  to  have  a  car  carrying  a  hoisting 
engine,  which  may  be  supplied  by  steam  from  the  locomotive  by  a 
flexible  tube,  if  the  car  carrying  it  is  placed  immediately  behind 
the  locomotive,  or  preferably  which  is  supplied  from  its  own  boiler 
placed  on  the  car.  A  wire  rope  from  this  engine  hauls  the  plow. 
One  great  advantage  of  this  method  lies  in  the  fact  that  the  train 
can  be  kept  moving  if  desired  while  the  plow  is  working. 

If  it  is  desired  to  distribute  less  ballast  per  car  length  than 
the  car  load,  it  may  be  done  by  moving  the  train  ahead  at  just 
such  a  speed  that  will  give  the  desired  result.  Incidentally,  this 
method  is  very  useful  when  making  a  fill  from  a  trestle  or  to  fill  up 
a  washout.  By  putting  the  plow  at  the  rear  of  the  train  and  drawing 
the  plow   })ackward,  the   speed  of  the  train  and  of  the  plow  can 


97$ 


RAILROAD  ENGINEERING  195 


be  so  regulated  that  the  material  will  be  dej)08ited  with  as  great 
concentration  as  desired.  If  it  is  desired  to  fill  up  a  hole,  the 
whole  train  load  may  be  deposited  in  one  spot  by  simply  hauling 
the  plow  back  as  fast  as  the  train  moves  forward.  The  average 
cost  of  thus  unloading  with  a  cable  has  been  computed  as  about 
one-half  cent  per  cubic  yard.  During  recent  years  many  styles  of 
ballast  cars  which  are  easily  and  automatically  unloaded  have  l>een 
placed  on  the  market.  Some  of  these  have  been  designed  with  the 
distinct  idea  of  being  used  in  connection  with  local  freight  trains. 
They  are  picked  up  at  the  gravel  pit  by  a  local  freight  going  in 
the  desired  direction,  are  hauled  to  places  along  the  road  which 
have  been  previously  marked  with  stakes,  are  dumped  with  a  delay 
of  only  a  minute  or  so,  then  hauled  on  to  where  they  may  be  side- 
tracked  and  hauled  back  to  the  pit  by  another  local  freight.  Gon- 
dola and  coal  cars  having  hopper  bottoms  are  also  used  extensively 
for  hauling  ballast. 

157.  Trestle  Filling.  This  has  become  a  very  common  form 
of  work  for  the  work  train.  When  the  construction  of  a  railroad 
is  once  definitely  decided  and  work  is  begun,  any  measure  which 
will  hasten  the  opening  of  the  road  for  traffic  has  a  very  high 
money  value.  Therefore  trestles  have  been  built  where  embank- 
ments are  a  better  form  of  permanent  construction.  The  prelimi- 
nary construction  of  trestles  is  further  justified  by  the  fact  that 
the  immediate  construction  of  an  embankment  would  often  involve 
very  expensiv^e  hauling  with  teams  from  borrow^  pits  in  the  neigh- 
borhood, while  a  future  fill  may  be  made  by  the  train  load,  as  des- 
cribed below,  at  a  much  less  cost.  Incidentally,  time  is  allowed  to 
determine  the  maximum  water  fiow  through  the  hollow  crossed  by 
the  line,  and  the  size  of  the  culvert  required  may  be  more  accu- 
rately determined.  The  cost  of  the  culvert,  which  may  be  very 
considerable,  is  also  deferred  to  a  time  when  the  road  can  better 
afford  it.  At  the  time  that  many  existing  trestles  were  built  the 
cost  of  timber  in  their  localities  was  so  small  that  the  trestle  may 
have  been  actually  cheaper. 

Many  roads  are  now  confronted  by  the  necessity  of  either 
replacing  the  trestle  or  filling  in  with  earth.  While  the  relative 
cost  is  very  variable,  depending  on  the  local  price  of  timber,  the 
proximity  of  a  sufficient  supply  of  available  filling  and  the  methods 
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to  be  employed,  yet  as  an  approximate  ligure  it  may  be  said  that 
fills  as  bigli  as  25  feet  may  be  lilled  witli  earth  as  cheaply  as  a 
trestle  can  be  reconstructed.  But  when  it  is  considered  in  addi- 
tion that  the  average  amount  of  timber  required  annually  for 
repairs  of  trestles  is  about  one-eighth  of  the  volume,  also  that  the 
labor  involved  in  maintenance  is  very  gr^t  while  it  is  almost  in- 
significant on  an  embankment,  also  that  the  danger  of  accident  on 
a  trestle  and  the  disastrous  results  of  a  derailment  which  may  occur 
on  a  trestle  is  so  much  greater  than  on  an  embankment,  the  height 
at  which  it  becomes  economical  to  fill  with  earth  instead  of  recon- 
structing the  trestle  increases  until  it  uiay  reach  50  feet.  But  the 
filling  in  of  high  trestles  involves  several  special  constructive 
features.  The  hollow  may  have  at  the  bottom  a  very  soft  soil 
which  cannot  sustain  a  heavy  embankment  without  considerable 
settlement.  Such  a  settlement  will  prove  destructive  to  almost 
any  culvert  unless  a  solid  foundation  may  be  uiade  for  it.  Under 
such  conditions  a  pile  or  concrete  foundation  for  the  culvert  may 
become  a  necessity. 

The  dumping  of  earth  and  particularly  of  boulders,  stumps 
and  clods  of  frozen  earth  may  do  serious  injury  to  the  trestle  unless 
means  are  taken  to  guard  against  it.  This  may  be  done  by  placing 
an  " apron "  on  each  side  which  will  deflect  the  earth  so  that  it  falls 
outside  the  trestle.  As  the  piles  grow  on  each  side  the  intermediate 
space  will  be  filled  up.  The  longitudinal  braces  which  are  most 
apt  to  suffer  are  sometimes  strengthened  by  heavy  timbers,  which 
may  be  old  stringers,  etc.  The  filling  should  be  done  regularly 
along  the  length  so  that  the  bents  will  not  ])e  forced  out  of  ])lace 
by  an  unsupported  pressure  of  earth  on  one  side.  If  the  bank  is 
formed  nu^rely  by  dropping  earth  loosely  from  above,  its  slopes 
will  be  steeper  than  can  be  retained  permanently.  The  result  is 
frequently  a  disastrous  slip.  This  feature  justifies  the  spreading 
of  the  earth  by  scrapers  as  the  filling  proceeds.  This  method  has 
the  additional  merit  of  packing  the  earth  so  that  there  is  almost  no 
settlement  and  the  stringers  may  be  pulled  and  the  ballasted  road- 
bed may  be  constructed  very  soon  after  the  filling  is-  complete. 
Otherwise  the  settlement  is  so  great  that  six  months  or  a  year 
must  elapse  before  track  laying  is  permissible.     During  tliis  time 
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the  embankment  may  settle  10  per  cent.  This  earth -spreading 
may  be  done  for  two  or  three  cents  jxjr  cubic  yard. 

The  choice  of  tilling  material  is  an  important  matter.  A 
sandy  or  gravelly  soil  is  the  best.  Clay  is  apt  to  be  very  trouble- 
some,  for,  no  matter  how  hard  it  may  be  in  dry  weather,  it  will 
slip  and  run  when  it  becomes  wet.  This  is  especially  true  when 
the  base  of  a  till  is  on  a  steep  side  slo|)e.  In  this  case  the  whole 
till  may  slide  down  the  hill.  One  means  of  preventing  this  is  to 
dig  trenches  along  the  slope.  Even  plowing  the  surface  in  contour 
furrows  may  be  sutiicient  to  prevent  such  a  slip.  The  material  for 
such  a  till  will  usually  come  as  the  spoil  from  a  widened  cut,  loaded 
perhaps  with  a  steam  shovel  into  dump  cars  or  on  to  flats  from 
which  it  is  scraped  by  a  plow,  as  previously  described. 

The  practice  of  immediately  planting  tufts  of  Bermuda  grass 
and  even  tree  slips  which  will  take  root  and  grow  and  thus  bind 
the  embankment  together  as  well  as  cover  it  with  a  surface  of  sod 
which  will  protect  it  from  rain-wash  is  a  measure  of  true  economy 
which  always  pays.  The  total  cost  of  such  a  till  must  combine  the 
cost  of  loading,  hauling,  spreading  (if  it  is  done)  and  the  other 
expenses  incidental  to  making  a  tinished  embankment,  but  the 
record  made  by  many  roads  on  these  items  show  that  it  may  be 
done  at  very  much  less  cost  than  by  the  methods  which  are  usual 
or  possible  during  the  original  construction  of  the  road. 

158.  Organization  of  Track  Maintenance  Labor.  Although 
there  is  much  variation  in  the  practice  of  roads  as  to  the  succession 
of  authority  among  the  higher  officials  of  the  road,  there  is  a  very 
general  agreement  in  placing  the  immediate  supervision  of  the 
track  for  each  division  of  approximately  one  hundred  miles  under 
a  man  known  as  roadmaster  or  perhaps  supervisor.  Some  roads 
extend  the  authority  of  the  roadmaster  over  a  greater  length  of 
road  and  then  appoint  "supervisors"  who  individually  control 
shorter  lengths  and  who  report  to  the  roadmaster.  The  supervisor 
of  each  minor  division  superintends  the  work  of  the  several  section 
gangs  in  his  division. 

The  roadmasters  usually  report  to  a  division  engineer,  but 
except  in  matters  of  exceptional  importance  or  which  may  involve 
new  methods  of  work,  the  roadmaster  is  expected  to  do  his  routine 
work   without  special  orders  and  to  be  responsible  for  its  proper 
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execution.  The  roadmaster  should  be  thoroughly  conversant  with 
every  phase  of  the  work  done  under  him,  and  although  it  is  prefer- 
able that  he  should  have  come  up  from  the  ranks,  he  should  have 
a  far  better  education  than  is  possessed  by  the  large  majority  of 
track  laborers.  The  best  roadmasters  are  those  who  have  a  technical 
education  but  who  have  served  a  sufHcient  time  in  the  ranks  to 
have  become  familiar  with  the  practical  details  of  track  work. 
The  Southern  Pacific  li.  li.  Co.  require  a  roadmaster  to  "pass 
over  the  entire  straight  portion  of  his  districts,  either  on  foot  or 
on  velocipede  cars,  at  least  twice  every  month,  and  over  that  por- 
tion in  canyons  and  in  the  mountains  at  least  three  times  per 
month."  lie  should  have  the  work  of  the  entire  division  so  thor- 
oughly mapped  out  in  his  mind  that  he  has  a  sufficiently  clear 
idea  of  the  condition  of  every  part  of  his  division  at  any  time  and 
thereby  save  himself  from  censure  due  to  any  neglect  of  the  track 
work  at  any  place. 

The  most  effective  way  to  do  this  is  to  have  the  section  fore- 
men  under  such  a  state  of  drill  that  there  will  be  no  failure  to 
remedy  any  slight  defect  or  report  a  greater  one.  The  roadmaster 
must  rely  on  his  discipline  of  the  section  foremen  rather  than  on 
his  personal  observation,  although  he  should  not  relax  any  effort 
to  make  his  personal  observations  as  thorough  as  possible. 

The  section  foreman  should  generally  be  a  man  who  has  served 
his  time  as  a  track  laborer,  but  he  should  also  be  a  man  who  has 
sufficient  education  and  intelligence  to  make  out  reports  and  cor- 
rectly interpret  plans  and  tabular  statements.  Another  absolutely 
essential  quality  is  an  ability  to  control  men  without  violence  or 
abuse.  He  should  not  only  thoroughly  understand  all  the  details 
of  maintaining  a  track  in  condition,  but  should  be  able  to  repair  a 
track  and  make  it  safe  for  trains  in  any  ordinary  emergency  such 
as  a  broken  rail,  a  washout,  or  a  tearing  up  of  the  track  due  to  a 
wreck.  He  should  familiarize  himself  with  all  rules  of  the  road 
regarding  train  running  with  which  he  may  ever  be  immediately 
concerned,  and  also  with  all  rules  and  standards  of  track  construc- 
tion which  may  have  been  adopted.  The  last  qualification,  which 
is  becoming  more  and  more  essential,  raises  the  standard  for  sec- 
tion foremen  above  what  was  formerly  considered  necessary. 
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Many  roads  require  (by  their  rules)  that  the  foreman  shall 
take  part  in  the  manual  labor  of  the  gang.  The  wisdom  of  this 
rule  depends  somewhat  on  the  work  being  done  and  on  the  num- 
ber of  men  in  the  gang.  If  there  are  as  many  as  eight  laborers  in 
the  gang,  the  foreman  may  have  all  he  can  do  in  directing  them. 
It  is  frequently  advantageous  to  have  the  men  work  in  pairs,  and 
when  the  work  is  light,  it  may  be  best  to  have  live  laborers  with 
the  foreman  in  a  gang,  and  then  the.  foreman  may  work  witli  the 
odd  man. 
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RAILROAD  CUT  AT  MADISON,  INDIANA 
Thisrem:.:  :.  -  sork  of  engineering,  completed  in  1847,  was  one  of  the  earliest  notable 
railroad  achievements  in  the  Hoosier  State.  It  opened  direct  communication  between  Indi- 
anapolis in  the  center  of  the  State,  with  the  important  manufacturing  and  shipping  center  of 
Madison,  In  the  Ohio  valley,  on  the  southeastern  border.  The  roadbed  in  the  cut  is  not  level, 
but  descends  over  400  feet  through  the  hills  north  of  Madison,  almost  to  the  level  of  the  river. 
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PART  III. 
ECONOniCS. 


Railroad  Finances. 


159.  Capitalization.  Practically  all  of  the  following  state- 
ments regarding  capitalization,  etc.,  of  the  railroads  of  the  country 
are  taken  from  the  reports  of  the  Interstate  Commerce  Commission 
and  may  therefore  be  considered  as  reliable  as  any  which  are  obtain- 
able. Many  of  the  following  figures  are  taken  from  the  report  for 
the  year  ending  June  30,  1902.  At  that  time'  the  capital  stock 
was  given  as  $6,126,635,752.  Disregarding  the  fractions  of  mil- 
lion, the  funded  debt,  expressed  in  millions,  was  6,446.  Other 
liabilities,  with  "profit  and  loss,"  make  up  a  total  of  14,270  mil- 
lions. This  represents  approximately  one-sixth  of  the  national 
wealth.  Considering  this  value  as  "assets,"  10,021  millions  of  it 
is  set  down  as  "cost  of  road"  and  637  millions  as  cost  of  equip- 
ment. Unfortunately  the  finances  of  roads  have  been  so  manipu- 
lated that  the  statement  of  "  cost  of  road  "  does  not  represent  the 
capital  actually  spent  on  construction. 

The  above  figures  apply  to  187,442  miles  of  line,  the  total 
mileage  being  over  201,000  miles.  The  railroads  directly  employed 
1,189,315  employees,  to  whom  they  paid  over  §676,000,000,  which 
is  over  39%  of  the  gross  receipts,  which  were  over  §1,726.000,000. 
The  employees  represent  a  population  of  perhaps  four  or  five  mil- 
lions who  are  directly  dependent  on  the  railroads  for  support.  Con- 
sidering the  industries  such  as  locomotive  and  car  shops  which 
depend  entirely  on  railroads  for  business  and  also  the  industries 
such  as  steel  mills  and  bridge  works  which  have  railroads  as  their 
larcrest  customers,  it  may  perhaps  be  estimated  that  one-fourth  of 
the  entire  population  are  directly  or  indirectly  dependent  for  their 
support  on  railroads. 

If  the  argument  is  carried  still  further  and  the  fact  is  recog- 
nized that  a  very  large  proportion  of  the  products  of  agriculture, 
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mines  and  manufactories  could  not  be  transported  to  consumers, 
would  not  be  utilized  and  therefore  would  not  be  produced,  the 
debt  of  the  counfry  to  railroad  transportation  may  be  better 
appreciated. 

Although  the  stocks  and  bonds  of  many  of  the  smaller  rail- 
roads are  owned  by  large  corporations  in  their  corporate  capacity, 
yet  of  the  total  of  11,237  millions  of  stocks  and  bonds  outstanding 
in  1902,  9,029  millions,  or  over  80  per  cent,  were  owned  by  "other 
than  railroad  corporations" — chiefly  private  investors.  On  the 
basis  of  total  assets  of  14,270  million  dollars  and  an  estimated 
population  of  78,595,000  people,  the  average  ownership  is  over 
|181  per  head  of  population.  The  total  revenue  of  over  $1,922,- 
000,000  represents  an  average  payment  of  over  $24  per  inhab- 
itant for  the  year.  The  "number  of  passengers  carried  one  mile" 
was  19,690,000,000,  which  means  that  the  average  passenger 
travelled  250  miles  during  the  year.  The  average  number  of 
passengers  on  a  train  was  45  and  they  travelled  an  average  journey 
of  30  30  miles. 

The  "number  of  tons  of  freight  carried  one  mile"  was 
157,289,000,000,  which  means  that  the  average  inhabitant  supplied 
a  freight  business  equivalent  to  moving  2,000  tons  one  mile,  or 
moving  one  ton  2,000  miles,  or  moving  50  tons  40  miles.  As  an  aid 
to  grasping  this  perhaps  incredible  statement  (combined  with  the 
statement  of  an  average  annual  payment  of  $24  per  inhabitant)  it 
should  be  remembered  that  w^henever  a  ton  of  coal  or  even  a  pound 
of  sugar  is  bought,  the  price  paid  includes  payment  made  to  a  rail- 
road company  for  freight. 

While  the  above  figures  must  be  considered  simply  as  aver- 
ages, and  not  necessarily  applicable  to  any  one  road,  they  give  some 
idea  of  the  magnitude  of  railroad  business  and  what  the  average 
railroad  may  be  expected  to  do.  Considering,  however,  that  the 
great  railroads  of  the  country  are  already  built  and  that  the  roads 
yet  to  be  built  will  probably  be  of  minor  importance,  even  such 
an  average  statement  could  hardly  apply  to  any  new  enterprise 
except  with  a  very  large  discount. 

160.  Stocks  and  Bonds.  An  ordinary  mercantile  business 
or  even  an  ordinary  factory  conducts  its  business  on  the  capital 
directly  furnished  by  the  owner  or  owners.     Therefore  any  profit 
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over  the  operating  expenses  may  be  applied  as  dividends  no  matter 
how  small  the  percentage.  Very  few  of  the  railroads  of  this 
country  have  been  constructed,  even  approximately,  on  this  basis. 
Usually  a  large  part  of  the  virtual  ownership  of  a  railroad  is 
represented  by  bonds.  The  limit  of  the  issue  of  the  bonds  may 
be  that  which  expresses  the  confidence  of  the  public  in  the  enter- 
prise, or,  in  other  words,  the  value  which  it  is  assumed  that  the 
whole  property  could  be  sold  for  under  a  foreclosure  sale. 

During  the  early  history  of  railroading,  when  railroads  were 
being  run  through  well  established  communities  which  were  with- 
out railroad  facilities,  the  success  of  the  enterprises  seemed  so  certain 
that  little  or  no  difficulty  was  experienced  in  borrowing  on  bonds 
enough  (and  even  more  than  enough)  to  construct  and  equip  the 
road  complete.  But  such  opportunities  are  practically  past.  The 
capital  stock  actually  paid  in  represents  the  margin  or  the  uncer- 
tainty between  what  it  actually  will  cost  to  build  the  road  and  its 
estimated  foreclosure  value.  The  nominal  issue  of  stock  is  usually 
about  equal  to  the  value  of  the  bonds. 

At  its  best,  the  inception  of  such  an  enterprise  means  a  con- 
siderable outlay  of  money.  A  group  of  men,  acting  on  the  belief 
that  a  road  passing  through  certain  towns  will  be  a  profitable  enter- 
prise, form  a  temporary  organization,  develop  the  enterprise,  have 
surveys  made,  and  then  if  the  developed  plans  still  look  encourag- 
ing, have  bonds  engraved  and  placed  on  the  money  market  for  sale. 
Even  if  it  were  possible  to  raise  enough  money  for  actual  con- 
struction, the  amount  of  money  required  for  this  preliminary  work, 
although  but  a  small  precentage  of  the  gross  amount  required,  is 
sometimes  a  large  sum  of  money. 

The  gross  amount  required  is  increased  by  the  frequently 
ignored  fact  that  a  road  does  not  attain  its  '^  normal "  traflic  for 
^ye  or  ten  years  after  it  begins  operation,  and  unless  it  has  sufti- 
cient  funds  as  '*  working  capital "  to  tide  over  the  initial  period 
when  it  does  not  perhaps  pay  operating  expenses,  it  is  very  apt  to 
go  into  the  hands  of  a  receiver. 

Stocks  and  bonds  may  therefore  be  considered  as  representing 
two  forms  of  ownership.  The  interest  on  the  bonds  is  a  lien  on 
the  receipts,  after  the  operating  expenses  have  been  paid.  Such 
interest  must  be  paid  in  full  before  any  dividends  on  stock  may  be 
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paid.  The  security  of  the  bonds  is  therefore  comparatively  good 
and  the  profit  comparatively  certain  although  it  is  small. 

On  the  other  hand,  the  stocks  are  much  more  speculative.  No 
dividends  are  paid  until  the  operating  expenses  and  the  bond  interest 
is  fully  paid,  and  if  this  is  not  paid,  the  bondholders  have  a  right 
to  demand  that  a ''receiver"  be  appointed  and  if  necessary  that  the 
road  be  sold.  Since  such  a  sale  will  not  usually  realize  more  than 
the  face  value  of  the  bonds  (and  sometimes  not  even  that)  the 
stockholders  may  lose  their  entire  investment.  But  if  the  road 
makes  money,  the  excess  which  may  be  allowed  for  dividends  may 
be  a  very  large  return  on  the  amount  of  capital  actually  j^ciid  in. 
It  may  very  easily  be  shown  that  a  comparatively  small  change  in 
the  amount  of  business  done  may  suffice  to  change  a  good  profit 
for  the  stock  holders  into  an  actual  deficit  which  makes  a  receiv- 
ership dangerously  probable. 

The  relative  profit  on  stocks  and  bonds  and  the  fact  that  rail- 
road  securities,  although  sometimes  very  profitable,  are  very  preca- 
rious in  value  is  shown  by  the  following  statements:  The  year 
ending  June  30,  1902,  was  the  best  year  (up  to  that  time)  ever 
known  in  the  railroad  business.  But,  in  spite  of  this,  44.6  per 
cent  of  all  railroad  stocks  then  in  existence  paid  no  dividends. 
The  average  rate  paid  on  dividend-paying  stock  was  only  5.55  per 
cent.  Even  granting  that  much  of  railroad  stock  is  "  watered  " — 
which  means  essentially  that  it  represents  little  or  no  cash  actually 
paid  in — the  fact  remains  that  during  that  year  44.6  per  cent  of 
all  the  stock  issued  paid  no  dividends.  From  1895  to  1897  over 
70  per  cent  of  all  railroad  stock  paid  no  dividends. 

The  record  regarding  bonds  is  much  better,  the  percentage  of 
the  entire  bond  issue  which  failed  to  pay  anything  during  1901-2 
being  less  than  5  per  cent.  While  it  is  true  (almost  without  ex- 
ception) that  a  railroad  builds  up  the  section  of  country  through 
which  it  passes  and  increases  its  value  far  beyond  the  cost  of  the 
road,  yet  it  is  also  true  that  very  few  roads  which  are  old  enough 
to  have  a  history  have  escaped  a  receivership  at  some  time  in  their 
history,  even  though  they  may  now  be  gilt-edged  properties. 

161 .  Gross  Revenue.  The  estimation  of  the  probable  volume 
of  traffic  or  the  gross  revenue  of  a  proposed  road  can  only  be  approx- 
imated at  best  and  even  this  requires  experience.     Since  it  requires 
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five  years  or  more  for  a  road  to  attain  its  normal  trafiic,  investors 
should  not  bo  disappointed  when  the  returns  for  the  first  few  years 
are  less  than  those  anticipated.     There  are  three  general  methods: 

(a)  The  annual  reports  of  the  Interstate  Commerce  Com- 
mission give  the  gross  earnings  from  operation  for  the  road  in 
each  of  ten  sections  into  which  the  country  has  been  divided. 
Dividing  this  gross  value  by  the  population  of  the  section  (which 
is  deducible  from  the  report)  an  avera(je  value  per  head  of  popu- 
lation for  that  section  is  obtainable.  The  value  for  the  whole 
United  States  is,  as  previously  stated,  over  $24,  but  the  value  for 
some  one  section  may  prove  quite  different  from  this.  Multiplying 
the  value  obtained  by  the  population  which  may  be  considered  as 
tributary  to  the  route  of  the  road,  we  have  a  very  approximate 
value  for  the  income  of  the  road.  The  two  obvious  weaknesses  of 
the  method  are  that  the  receipts  of  the  proposed  road  may  prove 
very  different  from  the  average  for  that  section  and  also  that  the 
computation  of  the  tributary  population  is  a  very  uncertain  calcu- 
lation. But  since  the  method  may  be  easily  tried,  it  furnishes  a 
check  of  some  value. 

(J)  Usually  there  are  one  or  more  roads  which  may  be 
selected  which  have  substantially  the  same  characteristics  and 
whose  incomes  per  mile  of  road  are  nearly  equal  and  which  suppos- 
edly equal  the  expected  income  of  the  proposed  line.  Assuming 
the  existence  of  such  roads  and  that  the  engineer  has  sound  judg- 
ment in  estimating  their  characteristics,  this  method  is  one  of  the 
best  and  should  be  employed  if  possible,  at  least  to  check  the  value 
of  any  other  computation. 

(6-)  The  best  method  (  when  well  done)  is  to  study  the  resources 
of  the  belt  of  country  which  will  be  tributary  to  the  proposed  line, 
estimating  the  business  obtainable  from  every  factory,  mine,  blast 
furnace,  farm,  village,  etc.  When,  as  is  usual,  the  line  passes 
through  or  reaches  cities  which  are  already  supplied  with  railroad 
facilities,  the  detailed  computation  of  business  becomes  very  un- 
certain. But  if  the  chief  business  of  the  road  is  to  develop  local 
business  along  a  route  which  has  no  other  means  of  communication, 
then  the  computation  is  easier.  The  two  dangers  in  the  method 
lie  in  the  entire  neglect  to  allow  for  certain  important  sources  of 
income  and,  on  the  other  hand,  to  overestimate  the  income  from  a 
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certain  source.  Analogous  to  the  last  is  the  neglect  to  allow  for 
present  or  future  competition,  which  may  practically  cut  off  sources 
of  income. 

Although  some  idea  of  tlie  product  of  factories  and  mines 
may  be  obtained  from  records  as  to  their  present  or  prospective 
output,  the  income  from  passenger  business  can  only  be  computed 
from  comparisons  with  other  roads.  The  freight  business  is  gener- 
ally two- thirds  of  the  business  of  a  road,  except  on  those  roads 
which  have  an  enormous  suburban  trafhc.  Although  the  average 
receipts  per  passenger  mile  is  about  two  cents,  it  is  the  enormous 
commuter  business  and  the  growth  of  travel  on  1,000-mile  tickets 
which  brings  down  the  average  to  this  figure  from  the  usual  charge 
of  three  cents  per  mile  and  the  even  higher  charges  on  roads  witli 
light  traffic  and  very  heavy  expenses. 

The  number  of  passengers  per  train  is  of  course  very  uncertain. 
The  average  number  of  passengers  carried  for  each  passenger  train 
mile,  as  previously  stated,  was  45,  which  is  less  than  a  car  load. 
And  when  it  is  considered  that  even  this  average  includes  the 
heavy  traffic  roads  and  the  well  filled  trains  on  suburban  roads,  the 
average  number  on  a  light  traffic  road  must  be  very  small.  The 
number  of  passenger  trains  per  day  bears  but  little  relation  to  the 
number  that  can  be  carried  in  one  train  load — as  tlie  above  (45) 
shows. 

The  passenger  business  must  be  developed,  coaxed  and  en- 
couraged, which  can  only  be  done  by  a  frequency  of  service  which 
is  usually  far  ahead  of  the  requirements  from  a  mere  hauling  stand- 
point. It  is  a  very  poor  road  which  cannot  afford  two  passenger 
trains  per  day  each  way.  The  total  number  of  passengers  carried 
might  not  suffice  to  fill  one  car,  but  it  would  probably  be  a  far 
greater  number  than  would  be  hauled  if  there  were  only  one  train 
per  day.  The  criterion  for  an  increase  in  number  would  appear  to 
be  as  follows: 

When  it  may  be  shown  that  the  increase  in  facilities  due  to  an 
additional  train  will  so  encourage  traffic  that  the  additional  receipts 
will  equal  or  exceed  the  cost  of  the  additional  train  (which  will  be 
less  than  the  average  cost  per  train  mile — as  will  be  shown  later) 
then  the  added  train  will  evidently  be  justified. 

The  average  revenue  per  passenger  train  mile  for  1902  was 
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given  as  $1.08,  which  includes  receipts  from  mail  and  express  as 
well  as  passenger  receipts.  The  average  receipts  per  freight  train 
mile  was  ^2.27,  which  is  more  than  twice  as  much.  And  this  is 
in  spite  of  the  fact  that  a  passenger,  weighing  perhaps  150  pounds, 
paid  about  two  cents  per  mile,  while  a  ton  of  freight  paid  about 
0.75  cent  per  mile.  This  great  difference  is  partly  due  to  the  fact 
that  the  ratio  of  dead  load  to  live  load  in  freight  work  is  a!x)ut 
one-half,  but  on  passenger  trains  it  may  be  five  or  even  ten.  An- 
other  reason  is  that  freight  trains  are  made  up  if  possible  so  that 
each  engine  is  hauling  about  the  limiting  number  of  cars  that  it 
can  handle  (so  as  to  reduce  the  number  of  trains  required)  while, 
as  stated  above,  passenger  trains  are  run  frequently  and  light,  so 
as  to  encourage  the  passenger  traffic. 

162.  rionopoly  in  Railroad  Business.  Onedanger  to  be  con- 
sidered in  the  estimation  of  gross  revenue,  and  also  in  the  subse- 
quent design  of  the  road  and  the  facilities  offered  for  traffic,  is  the 
assumption  that  the  road  ''will  have  all  the  traffic  there  is."  Even 
ignoring  the  effect  of  possible  future  competition,  which  may  be 
encouraged  and  somewhat  developed  by  a  marked  lack  of  facilities 
on  an  existing  road,  it  should  be  recognized  that  a  large  part  of 
the  traffic  depends  directly  on  the  facilities  offered  A  factory's 
very  existence  depends  on  its  ability  to  collect  its  raw  material, 
manufacture  it  and  deliver  it  at  the  door  of  the  average  consumer, 
perhaps  in  a  distant  city,  as  cheaply  as  other  manufacturers  of  the 
same  article.  Under  close  competition,  an  increase  in  one  single 
item  of  expense,  such  as  cartage  from  the  factory  to  the  railroad, 
may  make  up  the  difference  between  profit  and  loss. 

The  ideal  location  for  a  railroad  is  that  it  shall  pass  through 
the  heart  of  the  manufacturing  district  of  any  city  and  that  its 
passenger  station  shall  be  located  in  the  immediate  neighborhood 
of  the  business  center  of  the  city.  The  purchase  of  such  property 
for  tracks  and  stations  after  the  city  is  well  established  is  of  course 
very  expensive,  but  the  disadvantages  of  a  location  which  is  con- 
siderably  removed  from  the  ideal  location  are  very  great.  These 
disadvantages  are  so  increased  under  competition  that  a  road's 
traffic  may  be  practically  ruined.     Even  the  passenger  business  is 
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greatly  affected.  The  passengers  who  will  travel  anyway  regard- 
less of  inconveniences  are  comparatively  few. 

The  most  important  practical  feature  of  this  question  lies  in 
the  fact  (referred  to  before)  that  the  margin  between  profit  and 
loss  is  very  small,  that  a  very  large  proportion  of  the  gross  rev- 
enue must  be  paid  out  for  operating  expenses,  that  nearly  all  if 
not  quite  all  of  the  remainder  goes  to  pay  interest  on  the  bonds 
and  that  only  a  very  small  and  doubtful  percentage  remains  for 
dividends.  It  may  therefore  be  said  that  the  dividends  come  lit- 
erally from  the  unnecessary  traffic  which  must  be  coaxed  and 
which  will  not  travel  on  a  road  which  lacks  conveniences. 

The  force  of  this  may  be  seen  still  more  by  considering  the 
easy  financial  condition  of  a  well-established  road.  The  receipts 
are  large  and  are  partly  spent  in  creating  still  further  conven- 
iences, commodious  and  convenient  stations,  better  rolling  stock, 
etc.  These  in  turn  encourage  more  traffic,  which  still  further 
increases  receipts,  until  there  seems  to  be  no  end  to  the  financial 
ability  of  the  road.  Such  roads  are  the  Pennsylvania,  the  N^ew 
York  Central  and  some  others.  On  the  other  hand,  the  poverty 
of  a  road  begets  a  poverty  of  service  which  still  further  decreases 
receipts  until  ruin  is  in  sight.  Many  a  road  has  been  practically 
compelled  to  supply  free  cartage  for  freight  (or  allow  for  it  by  a 
rebate)  to  compensate  for  an  inconvenient  freight  station.  The 
examples  of  roads  which  have  paid  enormous  sums  to  bring  their 
passenger  terminals  into  the  heart  of  a  great  city  is  very  instructive 
in  this  respect. 

163.  Division  of  Gross  Revenue,  Of  the  more  than  2,000 
railroad  corporations  listed  by  the  Interstate  Commerce  Com- 
mission, a  very  large  number  of  them  are  so  merged  with  the 
corporations  operating  them  that  their  separate  existence  is  only 
evident  on  paper.  The  capital  stock  of  many  of  them  is  partially 
or  entirely  owned  by  the  operating  company  and  they  are  operated 
under  a  great  variety  of  leases,  etc.  It  is  therefore  difficult  to 
obtain  from  the  financial  statement  of  any  of  the  large  corpora- 
tions a  typical  case  of  the  division  of  gross  revenue.  The  follow- 
ing case  may  be  considered  as  fairly  typical: 

It  is  an  independent  road  371  miles  long,  with  a  capital  stock 
of  $l,114,i00  and  a  funded  debt  of  $9,415,000,  which  is  made  up 
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of  bonds  to  the  amount  of  $8,555,000  and  "equipment  trust  obli- 
gations "  to  the  amount  of  $860,000.  This  is  evidently  a  case  of 
a  road  built  chiefly  on  the  proceeds  of  the  bonds,  the  issue  of  stock 
being  quite  small.  The  gross  revenue  for  1901-2  was  $1,708,937. 
Of  this  $1,101,884  or  64.5  per  cent  was  spent  in  operating  ex- 
penses. Of  the  remainder  $552,821  or  32.4  per  cent  was  needed 
for  the  "fixed  charges."  This  left  only  $54,232  available  for 
anything  else.  Although  this  amounted  to  nearly  5  per  cent  on 
the  rather  small  issue  of  capital  stock,  no  dividend  was  declared. 
It  was  evidently  preferred  to  add  this  amount  to  their  working 
capital  or  perhaps  to  use  it  in  improvements.  Such  an  action  is 
virtually  the  re -in  vestment  of  profits  for  the  improvement  of  the 
road. 

A  similar  average  statement  for  the  roads  of  the  U.  S.  may 
be  obtained  from  the  I.  C.  C.  report  in  which  all  the  roads  of  the 
country  are  considered  as  one  system  by  eliminating  all  intercor- 
porate payments.  The  gross  income,  which  includes  a  small  per- 
centage of  "clear  income  from  investments"  was  $1,769,447,408. 
Of  this  amount  $1,116,775,785  or  63.1  per  cent  was  spent  in 
"  operating  expenses,"  which  included  a  small  amount  for  "  sala- 
ries and  maintenance  of  leased  lines."  The  total  fixed  charges 
were  $322,478,387  or  18.2  per  cent;  the  "net"  dividends  dis- 
bursed were  $157,215,380,  which  is  8.9  per  cent  of  the  gross 
income,  but  only  3.6  per  cent  on  the  $4,314,055,951  of  railroad 
stock  "  not  owned  by  railway  comporations."  The  remaining  9.8 
per  cent,  or  $172,977,856,  is  the  amount  "  available  for  adjust- 
ments and  improvements."  This  includes  nearly  $35,000,000 
spent  in  "permanent  improvements"  and  some  "advances  to 
cover  deficits  in  the  operations  of  some  weak  lines;"  more  than 
one-half  is  set  down  as  "  surplus,"  just  as  in  the  case  of  the  indi- 
vidual road  first  mentioned. 

164.  Fixed  Charges.  The  fixed  charges  of  a  simple  railway 
corporation  which  operates  only  the  line  which  it  owns  will  consist 
chiefly  of  the  interest  on  its  bonds.  Besides  this  there  may  be 
the  interest  on  "  equipment  trust  obligations  "  which  are  merely  a 
particular  form  of  bond  issued  to  pay  for  equipment  needed  by 
the  road.  Another  item  will  be  the  interest  on  sundry  interest- 
bearing  current  liabilities;  this  is  generally  but  a  small  percentage 
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of  the  lixed  charges,  but  the  current  liabilities  are  often  made  to 
disappear  by  a  new^issue  of  bonds  which  take  up  an  old  issue  and 
at  the  same  cover  all  floating  liabilities. 

Other  items  are  taxes  and  "permanent  improvements  charged 
to  income  account."  But  the  complicated  financial  relations  exist- 
ing between  operating  roads  and  their  leased  lines  introduces  some 
other  items  which  are  entered  under  fixed  charges.  One  of  these 
items,  which  is  always  less  than  one  per  cent  of  the  total  fixed 
charges,  is  called  *'  salaries  and  maintenance  of  organization." 
These  refer  to  the  salaries  wnich  are  paid  to  a  few  of  the  general 
ofticers  of  a  leased  road  who  are  retained  to  continue  such  work. 
Another  item  is  placed  among  the  fixed  charges  when  it  occurs; 
this  is  the  rental  paid  for  a  leased  road.  As  this  is  an  "  inter- 
corporate  "  payment,  it  did  not  appear  iu  the  above  general  sum- 
mary for  the  roads  of  the  United  States,  nor  did  it  appear  in  the 
detailed  statement  of  the  road  previously  described  since  that  road 
had  no  leased  lines. 

165.  Net  Revenue.  The  net  revenue  is  that  which  remains 
after  the  operating  expenses  and  fixed  charges  have  been  paid.  In 
general  it  is  available  for  dividends,  but  practically  a  very  consid- 
erable proportion  of  it  will  be  devoted  to  improvements  or  to  the 
accumulation  of  a  surplus  which  will  serve  as  "working  capital." 
During  the  year  1901-2  44.6  per  cent  of  railroad  stock  paid  no 
dividends,  although  the  case  quoted  above  is  but  one  of  many  in 
which  there  was  a  considerable  surplus  after  paying  the  operating 
expenses  and  fixed  charges.  Over  8  per  cent  of  the  stock  paid 
dividends  ranging  from  one  to  less  than  four  per  cent. 

This  small  proportion  shows  the  tendency  to  pass  the  dividend 
unless  it  may  be  made  larger.  Thirty-six  and  five-tenths  per  cent 
of  the  stock  paid  dividends  varying  from  four  to  seven  per  cent. 
This  represents  the  bulk  of  the  stock  paying  normal  dividends. 
Smaller  percentages  of  the  stock  paid  higher  rates.  One  and 
thirty-seven  hundredths  per  cent  of  the  stock  (amounting  to 
$82,594,375)  paid  dividends  of  10  per  cent  and  over.  Of  course 
this  last  represents  roads  which  are  short  and  very  exceptional 
in  character.  It  should  also  be  kept  in  mind  that  the  percentages 
of  dividend-paying  stock  quoted  above  are  the  most  favorable  of 
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any  in  the  previous  history  of  railroading.  If  the  general  pros- 
perity should  ever  return  to  the  conditions  existing  during  1893 
and  earlier,  when  about  two-thirds  of  all  the  stock  paid  no  divi- 
dends, railroad  stock  would  be  less  attractive  than  now  in  spite  of 
the  abnormal  profits  which  are  occasionally  realized. 

166.  Operating  Expenses.  Uniformity  per  Train  Hile.  The 
classificationof  operating  expenses  here  adopted  will  follow,  both  in 
general  and  in  detail,  the  classification  used  by  the  Interstate  Com- 
merce Commission.  The  figures  given  will,  in  general,  be  aver- 
cKjes.  This  is  further  justified  by  the  very  remarkable  fact  that 
the  expenses  ^67'  train  mile  are  nearly  constant,  whether  the  trains 
be  few  or  many,  heavy  or  light.  Of  course  there  are  very  numer- 
ous exceptions,  but  it  will  generally  be  found  that  the  marked  ex- 
ceptions apply  to  very  short  roads  having  abnormal  traffic  or  pecul- 
iar financial  relations  with  a  parent  company  which  is  oper- 
ating it. 

The  report  for  1901-2  shows  that  the  ten  greatest  railroads 
of  the  country,  each  operating  more  than  4,000  miles  of  road,  spent 
^1.1G7  per  train  mile.  The  average  for  the  whole  United  States 
was  SI. 1796.  It  should  also  be  noted  that  the  ratio  of  total  oper- 
ating expenses  to  total  receipts  from  operation  were  59.78  per  cent 
for  the  ten  roads  and  64.66  per  cent  for  the  whole  United  States. 
To  judge  of  the  operating  expenses  of  smaller  roads,  the  figures 
for  ten  were  taken  from  the  report,  the  selections  being  made  at 
random  except  that  the  lengths  were  all  less  than  100  miles  and 
all  of  the  roads  were  "operating  roads  independent."  The  figures 
are  as  follows: 


No 

Length 

Operating  expenses 

Ratio  of  total  operating  expenses 

Miles. 

per  train  mile. 

to  total  receipts  from  operation. 

1 

21.25 

10.70621 

71.62  per  cent 

2 

32.60 

0.47828 

64.21 

3 

31.00 

0.60649 

96.12 

4 

64.10 

0.90588 

43.41 

5 

42.00 

0.54323 

63.07 

6 

61.00 

0.75357 

81.05 

7 

50.00 

0.87456 

90.32 

8 

50.39 

2.07044 

97.58 

9 

70.78 

1.02854 

63.46 

10 

52.20 

1.74952 

62.15 

Average 

-      $0.97167 

72.30 

Whole  U.  8. 

1.17960 

64.66 
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A  little  study  of  the  above  figures  will  show  (as  might  be 
expected)  that  local  conditions  will  so  affect  a  very  small  road  that 
its  operating  expenses  per  train  mile  may  be  considerably  greater 
or  considerably  less  than  the  average.  The  average  value  for  the 
ten  short  roads  here  chosen  is  less  than  the  average  for  the 
United  States,  and  although  two  of  the  ten  are  much  greater  than 
the  average,  it  will  be  found  that  the  average  value  for  short  roads 
will  be  a  little  less  rather  than  greater. 

The  reasons  for  the  uniformity  are  not  difficult  to  understand. 
Although  the  gross  expense  of  any  one  item  (such  as  rail  renewals) 
for  a  large  road  is  enormously  greater  than  the  same  item  for  a 
small  road,  the  divisor  (the  number  of  trains)  is  correspondingly 
greater  and  the  quotient,  which  is  the  expense  for  that  item  per 
train  mile  is  substantially  uniform.  The  reasons  for  this  uni- 
formity will  be  still  more  apparent  as  the  different  items  of 
expense  are  studied  in  detail.  Therefore,  in  any  future  calcula- 
tions of  operating  expenses,  an  average  value  for  any  item  may  be 
considered  as  applicable  to  any  road,  long  or  short,  with  light  or 
heavy  traffic,  unless  that  road  is  subject  to  some  abnormal  operat- 
ing conditions. 

167.  Classification  of  Operating  Expenses.  The  study  of 
the  operating  expenses  must  include  not  only 
the  average  cost  per  train  mile,  as  shown  in 
the  accompanying  tabular  form,  but  also  the 
percentage  of  each  class  to  the  total,  as  is 
shown  in  Table  XI Y  herewith.  In  study- 
ing the  tendency  of  any  item  of  expense  to 
increase  (or  to  decrease)  it  must  be  remem- 
bered that  the  quantities  given  in  Table  XIV 
are  percentages,  and  that,  although  any  one 
item  may  show  a  lower  percentage  of  cost 
than  it  did  for  previous  years,  the  average 
amount  spent  on  it  per  train  mile  viay  be  greater  because  that 
percentage  of  the  higher  total  cost  per  mile  may  be  greater.  A 
study  of  the  percentages  of  the  four  general  subdivisions  (items 
54  to  57)  shows  that  there  has  been  an  almost  regular  increase  in 
the  expenditures  for  maintenance  of  way  for  many  years  past. 
This  has  been  partly  to  make  up  for  the  excessive  economies  prac- 


Operating  ex- 

Year. 

penses  per 

train  mile. 

1892 

$0.96580 

93 

.97272 

94 

.83478 

95 

.91829 

96 

.93838 

97 

.92918 

98 

.95635 

99 

.98390 

1900 

1.07288 

01 

1.12292 

02 

1.17960 

Averai 

?e,    .99680 
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tised  duriDg  the  panic  times  of  1893,  and  also  l>ecause  the  rail- 
roads are  taking  advantage  of  the  recent  prosperous  years  to  place 
the  roadbed  in  the  best  possible  condition  in  anticipation  of  the 
slump  which  may  follow. 

Maintenance  of  equipment  has  followed  almost  exactly  the 
same  course — an  increase  not  only  in  percentage,  but  a  very  large 
increase  in  the  gross  amount  spent,  and  for  the  same  reason  as  be- 
fore. The  expenses  of  "  conducting  transportation  "  are  not  so  con- 
trollable  as  those  of  maintenance.  They  depend  more  closely  on 
the  volume  of  business  done.  Although  the  percentages  have  l>een 
decreasing  on  account  of  the  enormous  increase  in  maintenance 
charges,  the  actual  expenditures  have  increased  on  account  of  the 
increase  in  business  done. 

The  ''general  expenses"  show  a  reduction  of  20  per  cent  (in 
percentage)  from  1895  to  1902,  but  by  multiplying  the  percentages 
given  by  the  cost  per  train  mile  for  those  years,  it  will  be  seen  that 
even  the  expense  per  train  mile  has  increased.  This  indicates  the 
general  increase  in  the  scale  and  cost  of  living  in  this  country. 

168.  Maintenance  of  Way  and  Structures.  Repairs  of 
Roadway.  The  work  involved  under  this  item  has  been  referred 
to  before  under  track  w^ork.  The  item  includes  all  the  items  of 
keeping  up  the  roadway  which  are  not  specifically  included  under 
the  succeeding  items.  Its  gross  amount  is  enormous  and  even  its 
percentage  has  been  increasing  almost  steadily  for  many  years 
past.  About  60  per  cent  of  the  cost  of  track  maintenance  is  due 
to  labor  alone.  The  average  wages  paid  to  trackmen  has  increased 
from  $1.17  in  1895  to  $1.25  in  1902.  The  fluctuations  in  the  rates 
paid  to  trackmen  seem  to  follow  very  closely  the  fluctuations  in 
this  item. 

lietiewals  of  rails.  This  item  includes  the  cost  of  the  rails, 
their  inspection,  and  their  delivery  to  the  road,  but  it  does  not 
include  their  local  distribution  nor  the  cost  of  laying  in  the  track, 
which  is  charged  up  to  "  repairs  of  roadway."  The  fluctuations 
are  due  partly  to  fluctuations  in  the  price  and  partly  to  the  fact 
that  rail  renewals  may  be  somewhat  staved  off  during  hard  times 
until  better  times  come,  or  until  the  roadbed  gets  in  such  a  condi- 
tion that  renewals  are  imperative  and  then  they  come  in  a  lump. 

Renewal  of  ties.  The  fluctuations  in  the  percentages  for 
this  item  are  irregular  and  not  readily  explicable.     The  increasing 
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attention  which  is  being  paid  to  ties  and  their  preservation  on 
account  of  their  growing  scarcity  may  be  somewhat  responsible 
for  some  of  the  fluctuations.  As  with  the  previous  item,  the  cost 
of  distributing  and  laying  is  placed  under  Item  1,  but  the  item 
does  include  the  first  cost,  inspection  and  delivery  to  the  road  and 
also  the  cost  of  tie  plates,  tie  plugs  and  chemical  treatment,  if 
such  is  used. 

Items  4  to  10.  (Table  XIV)  The  present  object  of  the 
study  of  these  items  is  the  determination  of  the  effect  of  such 
changes  of  alignment  as  an  engineer  may  make  on  these  items  in 
the  maintenance  of  a  road.  Items  4  and  6  are  large  items,  but 
the  changes  of  alignment  which  will  be  hereafter  discussed  will 
not  ordinarily  affect  these  items  unless  it  changes  them  propor- 
tionately to  the  change  in  alignment.  Any  such  effects  will  be 
noted  under  their  proper  heads.  The  other  items  are  so  insignifi- 
cant that  any  ordinary  error  in  estimating  their  effect  cannot 
appreciably  influence  the  final  result. 

169.  Maintenance  of  Equipment.  Ite')n  11.  Superintend' 
ence.  This  item  includes  the  salaries  of  superintendent  of  motive 
power,  master  mechanic,  etc.,  and  therefore  is  independent  of  small 
fluctuations  in  business  done  or  in  condition  at  length  of  line. 

Itetn  12.  Repairs  and  renewals  of  locomotives.  The  cost 
of  this  item  is  of  importance  to  the  locating  engineer  for  he  must 
know  the  effect  on  this  item  of  a  change  in  distance.  It  may  be 
said  at  once  that  the  cost  of  this  item  is  not  directly  proportional 
to  distance  and  the  same  remark  applies  to  many  other  items. 
Curvature  affects  the  cost  of  repairing  very  greatly — chiefly  in 
wheel  wear,  and  the  engineer  must  consider  this  in  estimating  the 
value  of  a  saving  in  curvature.  The  rate  of  grade  also  has  an 
effect  on  this  item.  The  item  includes  all  those  expenses  whose 
effect  is  supposed  to  last  for  an  indefinite  period  in  contradistinc- 
tion to  the  daily  work  of  cleaning  boilers,  packing  cylinders,  etc., 
which  is  done  by  roundhouse  men  and  which  is  charged  to  item  21. 

During  the  first  years  of  the  life  of  a  locomotive,  the  repairs 
(barring  accidents)  will  be  small,  but  as  the  locomotive  grows  older 
they  increase  in  a  growing  ratio.  When  the  annual  repair  charge 
becomes  one-fourth  (or  in  exceptional  cases  one-third)  of  its  first 
costj  the  locomotive  should  be  sent  to  the  scrap  pile,  for  in  such 
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cases  the  cost  per  train  mile  becomes  larger  than  a  reasonable 
annual  charge,  allowing  for  all  depreciation,  on  the  cost  of  a  new 
locomotive.  When  an  old  locomotive  is  replaced  by  one  of  a 
better  and  more  costly  type,  the  excess  cost  should  be  charged  to 
betterments  or  "permanent  additions  to  equipment." 

The  great  increase  in  the  percentage  of  this  item  and  the  still 
greater  increase  in  gross  cost  has  been  due  to  the  unprecedented 
increase  in  volume  of  business,  which  has  required  the  utilization 
of  every  locomotive  capable  of  hauling  a  load.  If  the  immediate 
future  should  see  a  marked  slump  in  the  business  done  by  railroads, 
there  would  probably  be  a  reduction  in  this  item.  The  effect  of 
various  changes  of  alignment  on  this  item  will  be  considered  under 
their  several  headings. 

Items  13,  14  and  15.  Repairs  and  renevjals  of  cars.  As 
in  the  previous  item,  there  is  included  all  expenses  necessary  to 
keep  the  cars  up  to  the  full  standard  as  to  number  and  condition, 
but  it  excludes  all  consumable  supplies  (oil,  ice,  waste,  etc.)  and 
also  any  excess  of  cost  due  to  renewals  being  of  higher  grade  and 
cost  than  the  cars  replaced.  The  engineer  is  chiefly  concerned 
with  the  cost  of  wheel  repairs  (affected  chiefly  by  curvature)  and 
drawbar  repairs,  which  are  largely  affected  by  grade. 

Items  16  to  19.  These  items  are  very  small,  even  in  the 
aggregate.  Under  ordinary  conditions,  no  change  which  an  engi- 
neer may  make  will  affect  these  items  in  any  appreciable  amount. 

170.  Conducting  Transportation.  Item  20.  Superintend- 
ence. As  before,  this  item  is  not  affected  by  any  small  changes 
in  alignment. 

Itein  21.  Eng'me  and.  roundhouse  men.  This  is  one  of 
the  largest  single  items  in  the  whole  list.  It  includes  the  wages 
of  all  enginemen  and  such  of  the  roundhouse  men  whose  work  is 
in  the  daily  care  of  the  engines  in  contradistinction  to  those  em- 
ployed in  making  repairs  (item  12).  There  has  been  a  steady 
increase  in  the  daily  wages  of  such  men  since  1894.  Trainmen 
are  usually  paid  on  a  mileage  basis.  This  will  not  of  course  be 
affected  by  changes  in  curvature  and  grade  but  changes  in  distance 
may  affect  train  wages  to  its  full  proportionate  value.  This  will 
be  discussed  in  detail  under  '•  Distance." 

Item  22.  Fuel.  With  the  exception  of  Item  1,  Kepairs  of 
roadway,  this  is  the  largest  single  item  in  the  list.     And  it  has 
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grown,  even  in  percentage,  (luring  recent  years,  owing  to  the  gen- 
eral advance  in  wages  and  in  the  scale  of  living.  The  item 
includes  the  total  cost  of  the  coal  in  the  engine  tender  and  there- 
fore includes  the  cost  of  delivery,  distribution,  and  even  the  cost 
of  operating  coaling  stations.  The  amount  of  fuel  consumed  is 
quite  largely  affected  by  changes  in  alignment,  although  it  will  be 
shown  that  an  increase  in  distance  will  not  add  its  proportionate 
amount  to  the  consumption.  The  absolute  cost  per  ton  is  exceed- 
ingly variable.  Koads  which  run  through  a  coal  region  can  some- 
times obtain  their  coal  for  less  than  one  dollar  per  ton,  while  roads 
w^hich  are  far  removed  from  the  coal  regions  may  have  to  pay  six 
or  eight  dollars  per  ton. 

Items  23,  24  and  25,  Other  locomotive  supplies.  Although 
there  are  some  fluctuations  in  these  items  there  is  no  apparent  ten- 
dency toward  any  regular  increase  or  decrease.  It  is  usual  to  con- 
sider that  changes  in  alignment  will  affect  these  items  in  the  same 
proportion  as  they  affect  the  use  of  fuel.  Although  such  an  assump- 
tion is  not  strictly  correct,  the  total  of  the  items  is  so  small  that 
any  error  in  the  assumption  is  of  no  practical  importance. 

Item  26,  Train  service.  This  large  item  includes  the  wages 
of  all  trainmen  except  the  engine  crew.  As  in  item  21  there  has 
been  an  almost  regular  increase  in  rate  of  compensation  per  day 
(although  \kiQ  percentage  of  the  item  per  train  mile  has  decreased) 
since  1894.  And  also,  since  the  trainmen  are  paid  on  a  mileage 
basis,  it  will  affect  the  cost  of  operating  any  considerable  changes 
of  distance. 

Item  27.  Train  supplies  and  expenses.  The  item  includes 
all  that  large  list  of  consuniable  supplies  which  are  used  on  the 
train  but  not  on  the  engine,  such  as  ice,  illuminating  gas,  oil  for 
lamps  and  for  lubrication,  .coal  used  in  car  stoves,  etc.  The  con- 
sumption of  some  of  these  articles  is  chiefly  a  matter  of  time;  of 
others,  it  is  a  matter  of  mileage.  Fortunately  the  whole  item 
is  small,  about  li  per  cent,  and  the  uncertainties,  as  affected  by 
changes  in  alignment,  are  insignificant. 

Items  28  to  32.  Although  some  of  these  items  are  large  and 
in  the  aggregate  make  up  about  13  per  cent  of  the  total,  they  are 
buf  little  if  any  affected  by  any  changes  which  an  engineer  is 
liable  to  make.     There  has  been  an  almost  uniform  decrease  in 
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the  percentage  of  these  items  per  traih  mile  during  the  last  ten 
years. 

Ttefn  33.  Oar  'mileage.  To  save  the  rehandling  of  freight 
at  the  junction  points  of  railroads,  it  has  become  the  universal 
practice  that  freight  in  carload  lots  (or  even  in  less  than  carload 
lots)  shall  be  transported  from  shipping  point  to  destination  in 
one  car,  no  matter  how  many  roads  it  may  pass  over.  Each  road 
receives  its  proportionate  amount  of  the  total  freight  earnings 
received  for  the  shipment,  but  it  also  pays  to  the  road  owning  the 
car  (which  may  be  a  road  having  no  part  in  that  particular  ship- 
ment) a  mileage  rate  which  is  supposed  to  represent  the  value  of 
the  use  of  the  car.  Cars  which  are  sent  away  from  the  home  road 
are  supposed  to  be  returned  to  the  home  road  at  the  first  oppor- 
tunity. Any  accident  which  may  happen  to  a  car  while  on  any 
road  must  be  made  good  by  the  road  on  which  it  occurs.  This 
wise  agreement  among  roads  compels  each  road  to  place  inspectors 
at  all  junction  points  who  inspect  all  arriving  cars  and  who  refuse 
to  accept  any  car  for  transportation  which  does  not  conform  with 
rigid  rules  regarding  its  physical  condition. 

By  a  sort  of  clearing  house  arrangement  the  roads  settle  their 
debit  and  credit  accounts  with  each  other  by  the  payment  of  a  cash 
balance.  The  item  represents  the  amount  of  this  balance  and 
really  shows  the  amount  paid  in  cash  by  a  road  for  cars  in  which 
to  handle  business  on  which  they  receive  earnings.  In  that  respect 
it  represents  hire  of  equipment  which  is  hired  to  supply  their  own 
deficiencies.  Since  the  payment  for  such  cars  is  strictly  on  a 
mileage  basis,  any  change  in  distance  must  be  allowed  for  at  its 
exact  value.  During  recent  years  railroads  have  come  to  an  agree- 
ment providing  for  a  per  diem  charge  in  addition  to  the  mileage 
charge  to  compensate  for  unreasonable  delay,  but  such  bookkeep- 
ing is  of  no  concern  to  the  locating  engineer.  The  percentage  of 
this  item  has  been  growing  steadily  less  during  recent  years. 

Item  34,  Hire  of  equijpinent.  This  very  small  item  repre- 
sents the  payments  made  by  some  roads  for  special  equipment  or 
that  paid  by  a  few  roads  which  are  so  small  and  poor  that  they 
hire  some  or  all  of  their  rolling  stock.     The  item  is  non-existent 


299 


218  RAILROAD  ENGINEERING 


in  the  accounts  of  a  majority  of  roads,  and  in  any  case  it  is  of  no 
concern  to  tlie  locating  engineer. 

Items  35  to  37.  DariKKjcH^  mrecks.  Tliese  items  are  of  no  con- 
cern to  the  engineer  except  as  he  may  consider  the  danger  of  acci- 
dents to  be  affected  by  curvature.  This  element  will  be  discussed 
under  Curvature. 

Items  38  to  53.  Under  ordinary  conditions  these  items  are 
not  affected  by  any  changes  which  an  engineer  can  make.  They 
consist  chiefly  of  those  general  expenses  which  are  unaffected  by 
modifications  in  location.  They  need  not  be  further  discussed 
here. 

ECONOMIC  LOCATION. 

171.  General  Principles  Involved.  A  hasty  mental  review 
of  the  previous  discussion,  as  well  as  a  few  considerations  of  com- 
mon sense,  will  show  the  truth  of  the  following  statements: 

(a)  Disregarding  the  comparatively  rare  cases  in  this  coun- 
try where  a  practicable  location  of  any  kind  is  a  creditable  engi- 
neering feat,  it  may  be  said  that  a  comparatively  low  order  of 
engineering  talent  will  suffice  to  lay  out  a  line  along  any  general 
route  over  which  it  is  physically  possible  to  run  trains,  and,  that 
there  are  usually  several  such  possible  routes.  The  route  selected 
may  not  be  favorably  located  for  obtaining  business,  its  alignment 
may  be  such  that  its  operating  expenses  are  high,  and  the  ruling 
grades  rnay  be  so  high  that  only  light  trains  can  be  run,  but  the 
road  can  be  operated. 

(b)  Among  the  many  possible  routes  which  may  be  selected 
for  a  road,  there  is  one  which  is  superior  to  any  other  from  an 
operating  or  business  standpoint,  and  it  is  the  province  and  test 
of  the  engineer  to  select  that  best  route. 

(c)  There  are  several  more  or  less  conflicting  interests  which 
must  be  studied — (1)  the  maximum  of  business  must  be  obtained, 
but  this  is  sometimes  only  obtainable  at  great  initial  cost;  (2)  the 
juling  grades  must  be  made  as  low  as  possible,  which  is  generally 
costly,  and  it  7)iay  require  a  location  which  wnll  sacrifice  some 
business;  (3)  the  alignment  must  be  kept  easy  so  as  to  reduce 
operating  expenses,  but  this  usually  is  very  costly;  (4)  the  total 
cost  must  be  kept  within  a  figure  which  will  be  justified  by  the 
future  earnings  and  also  leave  enough  margin  as  working  capital 
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out  of  the  total  funds  which  are  raised,  so  that  the  road  may  con- 
tinue to  operate  during  the  five  or  ten  years  which  is  required  to 
build  up  the  "  normal "  traffic. 

(il)  Each  new  route  suggested  forms  a  new  combination  of 
the  above  contiicting  elements,  and  the  business  of  the  engineer  is 
to  estimate  and  compare  these  elements,  selecting  the  combination 
which  will  give  the  largest  return  for. the  least  outlay,  considering 
both  initial  cost  and  future  operating  expenses  as  elements  of  the 
outlay.  As  a  basis  for  this  work,  the  engineer  must  understand 
the  effect  on  operating  expenses  of  changes  in  distance,  curvature, 
and  grades.  The  normal  subdivision  of  operating  expenses  has 
already  been  considered.  It  therefore  remains  to  compute  the 
effect  on  several,  items  of  chancres  in  aliornment. 

172.  Reliability  and  Value  of  Economic  Calculations.  The 
student  should  not  form  the  idea  that  the  followinor  calculations 
will  enable  one  to  compute  with  mathematical  precision  the  effect 
of  changes  of  alignment.  There  are  far  too  many  elements 
involved,  and  the  effect  of  certain  influences  is  variable.  But 
although  a  precise  solution  is  unobtainable,  a  solution  which  is 
sufficiently  accurate  for  practical  purposes  may  be  made,  which  is 
infinitely  better  than  no  solution  at  all.  For  example,  suppose 
that  a  very  crooked  stretch  of  road  may  be  changed  to  compara- 
tively easy  alignment  which  saves  considerable  curvature  bv  an 
additional  expenditure  of  say  |2,000.  Assume  that  there  are  20 
trains  per  day  over  that  line,  and  that  it  has  been  computed  (by 
methods  developed  later)  that  the  operating  expenses  would  be 
reduced  by  ^350  per  year  by  the  reduction  of  that  curvature.  As 
§350  per  year,  capitalized  at  5  per  cent,  is  equivalent  to  an  invest- 
ment of  §7,000,  and  the  improvement  may  be  made  for  §2,000. 
the  latter  is  evidently  justifiable.  Such  is  the  bare  outline  of  the 
method. 

The  estimate  of  the  cost  of  the  improvement  may  be  accurately 
made,  but  it  is  not  claimed  that  the  estimate  of  the  saving  per 
year  is  precise.  It  may,  however,  be  shown  that,  even  with  ample 
allowances  for  the  uncertain  items,  it  is  practicable  to  assign  upper 
and  lower  limits  between  which  the  truth  must  lie.  A  greater 
knowledge  of  the  subject  and  greater  experience  on  the  part  of  the 
engineer  will  enable  him  to  narrow  those  limits  so  that  the  error 
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is  immaterial,  -^nd  frequently  even  this  is  unnecessary.  The 
real  question  is  not  whether  the  capitalized  value  of  the  improve- 
ment is  $7,000  or  $5,000  or  $9,000.  It  may  be  that  an  improve- 
ment which  would  make  possible  that  saving  may  be  made  for  a 
few  hundred  dollars,  or  it  might  require  $20,000.  In  either  case, 
the  true  answer  is  unquestionable. 

If  the  cost  of  the  improvement  is  very  nearly  equal  to  its 
computed  capitalized  value,  then  no  great  harm  can  come  fiom 
either  decision,  for  the  decision  would  then  be  based  on  the  willing- 
ness of  the  company  to  spend  additional  money.  The  method 
furnishes  a  criterion,  which  even  in  the  hands  of  an  inexperienced 
engineer  has  some  value,  and  which  alone  gives  value  to  his  opin- 
ion. But  the  method  enables  the  experienced  engineer  to  give 
the  best  opinion  which  is  obtainable,  for  it  enables  him  to  apply 
his  experience  to  a  method  of  computation  which  approaches 
accuracy  as  nearly  as  may  be. 

It  must  not  be  supposed  that  the  numerical  values  worked  out 
in  the  following  pages  are  necessarily  applicable  to  any  assumed 
case.  They  are  given  to  show  the  nnethod  of  their  derivation,  and 
should  be  modified  to  fit  local  conditions  according  to  the  best 
judgment  of  the  engineer. 

DISTANCE. 

173.  Relation  of  Distance  to  Rates  and  Expenses.  Eates 
are  usually  based  on  distance  traveled  on  the  apparent  assumption 
that  the  value  of  the  service  rendered  and  the  cost  to  the  company 
are  directly  proportional  to  the  number  of  miles  traveled.  Neither 
assumption  is  true.  If  a  passenger  or  a  load  of  freight  is  to  be 
transported  from  one  city  to  another  city  100  miles  away,  the  serv- 
ice rendered  is  to  accomplish  the  transfer  as  easily  and  quickly  as 
possible.  If  another  road  were  constructed,  perhaps  at  extravagant 
cost,  by  which  the  distance  were  cut  down  to  90  miles,  that  road 
would  render  a  greater  and  better  service,  because  it  would  reduce 
the  necessary  travel,  and  yet  on  the  mileage  basis  the  shorter  road 
would  be  entitled  to  less  than  the  other  in  spite  of  the  fact  that  it 
renders  a  better  service. 

The  assumption  that  the  cost  is  proportional  to  the  distance  is 
more  nearly  correct,  although,  as  will  be  shown  later,  even  this  is 
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far  from  accurate.  It  is  not  difficult  to  compute  an  average  cost 
for  a  large  number  of  passenger  trains,  and  by  dividing  it  by  the 
total  passenger  mileage,  obtain  a  value  of  the  cost  of  a  "  passenger 
mile."  But  the  additional  cost  of  transporting  one  additional 
passenger  on  a  regular  train  is  hardly  more  than  the  cost  of  print- 
ing his  ticket.  Even  if  it  were  practicable  to  compute  the  extra 
consumption  of  coal  and  the  infinitesimal  addition  to  other  oper- 
ating expenses  dye  to  his  being  on  the  train,  the  added  cost  would 
evidently  be  but  an  insignificant  fraction  of  the  average  cost  of  a 
passenger  train  mile.  The  same  argument  holds  if  we  consider 
the  additional  cost  of  an  extra  ton  of  freight. 

By  the  same  line  of  argument  it  will  be  shown  that  a  change 
in  distance  will  not  affect  the  cost  of  running  trains  in  proportion 
to  the  change.  It  is  easy  to  see  that  general  expenses  will  be  abso- 
lutely unaffected  by  an  alteration  of  alignment  which  saves  a  mile 
in  distance,  and  it  will  be  shown  that  even  the  consumption  of  fuel 
does  not  vary  in  proportion  to  the  distance.  If  it  were  practicable 
to  construct  a  tariff  of  rates  which  should  consider  excessive  curva- 
ture and  grades  on  the  various  parts  of  the  line  and  make  the  rates 
dependent  on  them  as  well  as  on  many  other  constructive  features 
which  add  to  the  cost  of  operation,  the  rates  would  be  more  nearly 
proportional  to  the  cost,  but  the  public  would  not  appreciate  it  and 
it  would  be  useless  work.  And  when  it  is  further  shown  that  it  is 
sometimes  justifiable  for  a  road  to  haul  competitive  business  at  a 
rate  actually  less  than  the  average  cost  of  their  trafiic,  it  will  be 
seen  that  the  relation  of  distance  to  rates  and  expenses  cannot  be 
expressed  by  any  simple  proportion. 

174.  Effect  on  Operating  Expenses.  Studying  the  items  of 
Table  XIV,  it  may  be  seen  first  that  the  cost  of  items  1,  2,  8,  and 
5  for  any  additional  length  of  track  will  evidently  be  proportional 
to  the  distance.  These  items  make  up  nearly  three-fourths  of  the 
total  cost  of  maintenance  of  way.  The  effect  of  the  other  items 
will  depend  largely  on  the  extent  of  the  distance  added,  whether  a 
few  hundred  feet  or  measured  in  miles.  In  any  particular  case,  if 
there  is  any  radical  difference  between  the  lines  compared,  the 
effect  of  the  particular  change  (as  for  instance  the  cost  of  main- 
tenance and  operation  of  a  drawbridge  divided  by  the  number  of 
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trains  using  it)  should  be  added  to  the  cost  of  operating  that 
route. 

Items  4  and  6  must  be  studied  for  each  problem  in  this 
respect,  but  for  average  figures  we  may  say  that  when  the  distance 
is  great  we  may  add  100  per  cent,  and  when  it  is  small,  we  may 
neglect  them  altogether.  The  same  estimate  may  be  made  for 
items  9  and  10.  Except  in  special  cases,  a  change  of  plans  will 
not  affect  item  7,  and  even  if  it  did  it  would  be  a  separate  affair 
and  form  no  part  of  the  problem  of  a  change  in  distance.  It  is 
estimated  that  item  8  will  be  increased  about  60  per  cent  by  an 
increase  in  distance.  Fortunately  the  item  is  so  small  that  even  a 
large  change  in  this  estimate  will  not  appreciably  affect  the  final 
result. 

The  effect  of  an  increase  in  distance  on  items  11,  17,  18,  and 
19  is  very  uncertain.  From  one  standpoint  it  is  difficult  to  see 
how  there  would  be  any  effect,  especially  if  the  change  is  small. 
But  from  the  broad  standpoint  that  any  increase  in  distance  must 
have  its  effect  even  though  it  is  not  'directly  perceptible  50  per 
cent  has  been  added  for  small  changes  of  distance  and  100  per  cent 
for  greater  changes.  As  before,  the  insignificance  of  these  items 
will  prevent  any  probable  error  in  these  e-stimates  from  being 
appreciable.     Item  16  will  not  be  affected. 

The  larger  items  12  to  15  need  special  study.  Rolling  stock 
deteriorates  (1)  with  age,  regardless  of  usage;  (2)  on  account  of 
strains  due  to  stopping  and  starting;  (3)  on  account  of  wear  and 
tear  due  to  curvature;  (4)  on  account  of  the  extra  strains  due  to 
grades;  (5)  on  account  of  strains  due  to  traction  on  a  straight  and 
level  track  or  to  that  part  of  the  traction  for  which  curves,  grades, 
and  other  such  causes  are  not  responsible,  and  (6)  the  deterioration 
of  locomotives  is  largely  due  to  the  strains  of  expansion  and  con- 
traction, especially  of  the  firebox,  when  fires  are  drawn. 

Note  that  of  all  the  above  causes,  the  mere  addition  of  dis- 
tance is  responsible  for  one,  and  for  one  which  is  evidently  but  a 
minor  part  of  the  total.  If  the  added  distance  involves  added  cur- 
vature and  grade,  these  must  be  computed  separately.  We  must 
first  estimate  the  effect  of  cause  (5)  on  item  12.  The  records  of 
engine  repairs  show  the  proportionate  cost  of  repairs  to  boiler, 
repairs  to  running  gear,  etc.     The  method  and  result  here  given  is 
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that  developed  by  the  late  A.  M.  Wellington  several  years  ago, 
and  in  the  absence  of  anything  better  it  will  be  used. 

The  boiler  is  found  to  be  responsible  for  20  per  cent  of  the 
repairs  to  engines,  and  he  divided  the  20  per  cent  by  assigning  7 
per  cent  (about  one-third)  to  "terminal  service,  getting  up  steam 
and  making  up  trains,"  4  per  cent  to  curvature  and  grades,  2  per 
cent  to  starting  and  stopping  at  way  stations,  and  the  remaining  7 
per  cent  to  distance  on  tangent  between  stations.  The  other  items 
of  engine  repairs  are  similarly  treated  with  the  net  result  that  mere 
distance  is  estimated  to  be  responsible  for  42  per  cent  of  all  loco- 
motive repairs,  and  this  estimate  will  be  used  for  all  changes  in 
distance,  great  or  small.  The  causes  of  deterioration  of  cars  may 
be  classified  as  above,  omitting  merely  the  last. 

A  very  large  part  of  the  repairs  of  freight  cars  are  those  due 
to  draft  gear,  the  injuries  to  which  result  almost  exclusively  from 
the  hard  service  they  receive  in  terminal  yards  and  on  the  ruling 
grades  of  the  road.  Another  very  large  item  is  the  renewal  of  car 
wheels,  the  wear  of  which  is  due  very  largely  to  curves  and  to  the 
action  of  brakes  on  heavy  grades.  In  view  of  all  these  facts  it  is 
not  surprising  that  Wellington  allowed  only  36  per  cent  of  the 
repairs  as  being  due  to  mere  distance.  This  applies  to  items  14 
and  15. 

The  repairs  of  passenger  cars  are  somewhat  different.  They 
are  not  subject  to  such  rough  usage  as  freight  cars,  but  we  may 
assume  that  the  proportion  of  repairs  of  their  drawbar  gear,  which 
is  due  to  mere  distance,  is  the  same  as  with  freight  cars.  The  effect 
of  mere  distance  on  running  gear  repairs  may  likewise  be  considered 
the  same  as  with  freight  cars.  A  very  large  item  in  the  repairs 
of  passenger  cars  is  for  painting  and  varnishing  and  such  deterio- 
ration is  due  largely  to  mere  time  and  age.  Another  item  is  for 
the  car  furnishings  whose  deterioration  depends  on  a  variety  of 
causes.  Although  many  of  these  sub- items  should  have  some- 
thing more  or  less  than  36  per  cent  assigned  to  distance,  that  figure 
will  also  be  used  for  item  14.  Even  admitting  an  error  of  20  per 
cent  in  this  estimate,  it  would  affect  the  final  result  by  less  than 
one-half  of  one  per  cent. 

Among  the  items  of  conducting  transportation,  we  may  at 
once  strike  out  items  20,  30,  31,  32,  34,  and  38  to  46  as  beintr 
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unaffected  by  any  changes  of  distance,  great  or  small.  We  may 
also  say  from  mere  inspection  that  items  38,  35,  36,  and  37  should 
be  allowed  the  full  100  per  cent. 

Item  21.  As  previously  intimated  in  §  170,  train  wages 
are  paid  on  a  mileage  basis  usually,  but  it  is  a  basis  which  is  not 
strictly  proportional  to  the  mileage.  When  practicable  and  con- 
venient, a  '^  division  "  of  a  road  is  made  nearly  100  miles  long,  and 
this  constitutes  a  "  run."  When  the  division  is  longer  than  this, 
it  may  be  called  IJ,  1^  runs,  etc.  The  trainmen  are  therefore  paid 
according  to  the  number  of  runs  made  per  month.  This  is  espe- 
cially necessary  in  freight  service  in  which  there  is  often  no  dis- 
tinction of  day  or  night,  weekday  or  Sunday,  and  when  any  method 
of  compensation  based  on  the  number  of  ''  days  "  of  work  becomes 
impracticable. 

The  practical  effect  of  this  is  that  any  slight  changes  in  dis- 
tance, measured  in  feet,  would  not  chancre  the  calculation  of  waores 
by  the  smallest  unit  of  its  measurement,  but  when  the  change  must 
be  measured  in  miles,  we  must  give  it  its  full  value.  Item  21 
includes  the  wages  of  roundhouse  men  which  constitute  about  7 
per  cent  of  the  item,  and  of  course  their  wages  are  unaffected  by 
any  change  of  line.  Therefore  we  may  say  that  93  per  cent  of 
item  21  will  be  affected  by  changes  measured  in  miles,  but  that  the 
item  is  unaffected  by  small  changes  in  distance.  The  same  line 
of  argument  applies  to  item  26  except  that  100  per  cent  is  allowed 
for  large  changes  and  nothing  for  small  changes. 

Item  22.  Fuel.  The  causes  affecting  the  consumption  of 
fuel  may  be  classified  as  follows: 

(1)  Mere  firing  up,  drawing  of  fire  and  banking,  which  has 
been  estimated  to  be  responsible  for  5  to  10  per  cent  of  all  the  fuel 
consumed,  for  the  policy  of  banking  fires  consumes  fuel  although 
it  saves  the  locomotive  by  avoiding  so  many  excessive  changes  in 
temperature. 

(2)  Consumption  while  standing  still,  which  is  supposed  to 
amount  to  from  3  to  6  per  cent  of  the  total,  for  the  time  spent 
standing  still  while  steam  pressure  is  up  amounts  to  a  considerable 
proportion  of  the  total  time,  especially  with  freight  engines. 

(3)  Stopping  and  starting,  especially  the  latter,  for  the  trac- 
tive resistance  is  then  very  great,  the  engine  works  at  full  stroke. 
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making  a  heavy  draft,  forcing  the  fire;  this  is  estimated  to  con- 
sume 10  to  20  per  cent  of  the  total;  and  in  the  case  of  trains  mak- 
inor  frequent  stops  and  high  speed  between  stops,  such  energy  forms 
a  large  part  of  the  total. 

(4)  Curvature  is  estimated  to  be  responsible  for  about  3  per 
cent  of  the  total;  such  a  value  is  only  an  average  value  at  its  best, 
and  does  not  mean  that  3  per  cent  of  the  consumption  for  any  one 
mile,  or  even  for  any  one  division,  would  necessarily  be  required 
to  overcome  the  curvature  resistance,  but  it  attempts  to  give  an 
average  value  based  on  the  average  curvature  per  mile  of  road  in 
the  country  and  on  the  added  resistance  caused  by  such  curvature. 

(5)  Grade,  which  is  computed,  by  a  process  similar  to  that 
above,  to  be  responsible  for  15  per  cent  of  the  total  as  an  average 
value.  Adding  up  these  percentages,  we  find  a  minimum  of  36 
per  cent  and  a  maximum  of  54  per  cent,  or  an  average  of  45  per 
cent,  as  the  percentage  of  fuel  which  is  not  required  for  direct  haul- 
ing. This  shows  that  only  55  per  cent  of  the  average  consumption 
per  mile  is  required  for  an  addition  of  one  mile  of  straight  and 
level  track.  If  the  added  track  has  curvature  and  grade,  an  extra 
allowance  must  be  made  for  that,  as  will  be  developed  later. 

Items  23,  24,  and  25.  When  the  water  supply  comes  from 
the  company's  own  pumping  stations,  the  additional  supply  for  an 
additional  mile  is  practically  insignificant;  if  it  comes  from  a 
metered  municipal  supply,  its  additional  cost  will  be  nearly  pro- 
portional to  the  added  distance;  therefore,  as  an  average  value  50 
per  cent  will  be  added,  and  the  same  amount  will  be-  added  for 
items  24  and  25. 

Ite7/i  27,  train  supplies,  includes  items  which  are  evidently 
directly  affected  by  changes  in  distance  and  others  which  are  but 
little  if  at  all  affected;  therefore  an  average  of  50  per  cent  will  be 
allowed. 

Item  28.  The  necessity  for  flagmen  and  watchmen  must  be 
considered  as  being  directly  proportional  to  the  distance,  but  on 
the  other  hand  an  addition  to  distance  will  not  usually  increase 
the  number  of  switchmen  who  are  chiefly  required  in  yards  and 
terminals;  therefore  50  per  cent  will  be  added. 

Item  29  includes  the  wages  of  operators  (unaffected)  and  the 
expenses  of  running  the  stations,  maintenance  being  provided  for 
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in  item  8 ;  although  a  little  more  battery  material  would  be  expended 
in  sending  the  current  through  the  additional  line,  the  increase  in 
expense  will  be  so  utterly  insignificant  that  it  will  be  ignored. 

Collecting  tiie  above  estimates  in  a  tabulated  form  we  have 
Table  XY.  This  shows  that  if  the  additional  distance  is  small,  the 
cost  per  mile  of  running  a  train  over  the  extra  distance  will  be 
only  36  per  cent  of  the  average  cost  of  a  train  mile  and  that  the 
cost  is  increased  to  58  per  cent  if  the  added  distance  is  very  great. 
From  1895  to  1902  the  average  cost  of  a  train  mile  increased  from 
less  than  92  cents  to  nearly  $1.18.  The  average  from  1892  to 
1902  was  99.68  cents.  Although  the  present  high  value  will  prob- 
ably be  somewhat  reduced  in  the  future,  it  is  unlikely  to  sink  to 

TABLE  XV. 
Effect  on  Operating  Expenses  of  Great  (andSmall) 
Changes  in  Distance. 


Item 

Normal 
average. 

Per  cent 

AEEECTED. 

Cost 

PER  MILE. 

Item 
No. 

Normal 
average. 

Per  CENT 

AFFECTED. 

Cost 

PER  MILE. 

No. 

Great 

Small 

Great 

Small 

Great 

Small 

Great 

Small 

1 

10  779 

100 

100 

10  78 

10  78 

31.521 

23.25 

6.83 

2 

1.442 

100 

100 

1.44 

1.44 

28 

4.057 

50 

50 

2.03 

2.03 

3 

3.060 

100 

100 

3.06 

3.06 

29 

1.906 

0 

0 

0 

0 

4 

2.490 

ino 

0 

2.49 

0 

30 

7.497 

0 

0 

0 

0 

5 

.557 

100 

100 

.56 

.56 

31 

.730 

0 

0 

0 

0 

6 

2.096 

100 

0 

2.10 

0 

32 

.331 

0 

0 

0 

0 

7 

.256 

0 

0 

0 

0 

33 

1.921 

100 

100 

1.92 

1.92 

8 

.1^5 

60 

60 

.09 

.09 

34 

.279 

0 

0 

0 

0 

9 

.028 

100 

0 

.03 

0 

35 

.783 

100 

100 

.78 

.78 

10 

.352 

100 

0 

.35 

0 

36 

37 
38 
39 
40 

.910 
.155 
.860 
.427 
1.647 

100 
100 

1 

100 
100 

.91 
.15 

.91 
.15 

21.205 

20.90 

15.93 



11 

.631 

100 

50 

.63 

.32 

12 

6.258 

42 

42 

2.63 

2.63 

41 

.146 

13 

2.218 

36 

36 

.80 

.80 

42 

.107 

1-    0 

0 

0 

0 

14 

7.048 

36 

36 

2.54 

2.54 

43 

1.776 

1 

15 

.188 

36 

36 

.07 

.07 

44 

.476 

16 

.218 

0 

0 

0 

0 

45 

.620 

17 

.538 

100 

50 

.54 

.27 

46 

.575 

1 

18 
19 

041 

100 
100 

50 
50 

.04 
.50 

.02 
.25 

.503 

47 
48 
49 
50 
51 
52 
53 

56.724 

29.04 

12.62 

17.643 

7.75 

6.90 

1.133 
1.326 
.284 
.410 
.680 
.168 
.427 

20 

1.759 

0 

0 

0 

0 

21 
22 

9.640 
9.949 

93 

55 

0 

55 

8.97 
5.47 

0 

5.47 

■     0 

0 

0 

0 

21 

.649 

50 

50 

.32 

.32 

24 

.372 

50 

50 

.19 

.19 

25 

.192 
7.450 
1.510 

50 
100 
50 

50 
0 
50 

.10 

7.45 

.75 

.10 
0 

.75 

26 

27 

4  428 



0 

0 

31.521 

23.25 

6.83 

100.000 

57.69 

35.45 
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the  low  value  of  1895  unless  there  is  some  radical  change  in  methods 
of  operation. 

Calling  the  cost  of  operation  per  train  mile  the  average  value 
of  $1,  the  above  percentages  may  be  at  once  considered  as  cents 
per  train  mile.  A  regular  train  running  each  way  every  day  of 
the  year  would  cost  2  X  3G5  times  the  above  values.  If  the  train 
only  ran  on  week  days  we  would  need  to  use  313  instead  of  305. 
The  added  annual  cost  per  daily  train  each  way  for  each  f(ntt  of 
distance  is 

!5i°-y^  =  4.90  cents         (104) 

Similarly  the  added  annual  cost  per  daily  train  each  way  for  each 
mile  of  added  distance  is 

57.69  X  365  X  2  =  $421.14  (105) 

175.  Numerical  Example.  Heduction  of  distance.  As- 
sume that  by  straightening  the  line  of  a  road  through  a  rough 
section  of  country,  although  at  the  expense  of  considerable  earth- 
work, the  line  may  be  shortened  342  feet.  Assume  that  there  are 
16  trains  per  day  each  way.  How  much  expenditure  will  be  justi- 
fiable to  accomplish  this  %  Using  the  value  given  in  equation  104, 
we  have  an  annual  saving  of  342  X  16  X  4.9  cents  =  §268.13. 
Capitalizing  this  at  5  per  cent  it  would  justify  an  immediate  ex- 
penditure of  §5,362. 

In  order  to  give  some  idea  of  the  reliability  of  this  estimate, 
and  the  effect  of  a  very  large  change  in  some  of  the  items  in  Table 
XV,  the  estimation  of  which  may  be  considered  doubtful,  assume 
that  the  estimates  of  42  and  36  per  cent  of  the  normal  average  for 
repairs  of  rolling  stock  is  considered  too  small  and  it  is  made 
dovhle — or  84  and  72  per  cent  respectively.  Suppose  also  that 
the  item  for  fuel  is  made  75  per  cent  instead  of  55  per  cent.  The 
combined  effect  of  these  additions  would  be  to  compute  the  saving 
per  foot  to  be  6.01  cents  instead  of  4.90  cents,  while  the  capital- 
ized value  would  be  increased  to  §6,577  instead  of  §5,362.  The 
additions  to  these  items  were  purposely  made  excessive  and  beyond 
any  reasonable  estimate  of  their  true  value,  and  yet  the  final  value 
was  altered  only  22  per  cent. 

As  said  before,  the  value  of  these  estimates  lies  in  having  some 
criterion,  even  though  inaccurate,  rather  than  none  at  all.     If  the 
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suggested  improvement  can  be  made  for  say  $2,000,  it  is  evidently 
justifiable  beyond  question.  If  it  will  cost  $20,000,  it  is  evidently 
unjustifiable,  equally  beyond  all  question,  and  yet  without  some 
such  method  of  computing  the  operating  value  of  such  an  improve- 
ment, few  enorineers  could  form  much  idea  of  its  value. 

176.  Effect  on  Receipts.  Among  all  the  details  of  align- 
ment, distance  is  the  one  for  which  there  is  some  compensation  in 
an  increase,  and  that  is  because  rates  are  based  on  distance  rather 
than  on  curvature  or  grades.  Although  it  is  unquestionably  con- 
trary to  public  policy  to  burden  traffic  unnecessarily  by  an  increase 
in  distance,  yet  it  maybe  demonstrated  that  the  added  receipts  from 
non-competitive  traffic  due  to  such  increased  distance  will  amount 
to  more  than  their  added  cost.  But  in  order  to  study  this  feature 
properly  the  distinction  between  competitive  and  non -competitive 
rates  must  be  noted.  For  our  purposes  traffic  may  be  classified  as 
"through"  and  "local,"  in  which  through  traffic  refers  to  that 
which  passes  over  two  or  more  roads,  no  matter  how  long  or  short 
any  section  of  the  trip  may  be,  and  in  which  local  traffic  refers  to 
that  which  is  confined  to  one  railroad  system  though  it  may  run 
from  one  end  to  the  other.  Further  subdivison  is  necessary  as 
follows : 

A.  Non -competitive  local — on  one  road  with  no  choice  of 
routes. 

B.  Non-competitive  through —  on  two  (or  more)  roads  but 
with  no  choice. 

C.  Competitive  local — a  choice  of  two  or  more  routes,  but 
the  entire  run  may  be  made  on  the  home  road. 

D.  Competitive  through — direct  competition  between  two  or 
more  routes,  each  passing  over  two  or  more  lines. 

E.  Semi-competitive  through — a  non-competitive  haul  on 
the  home  road  and  a  competitiv^e  haul  on  foreign  roads. 

Keceipts  for  traffic  passing  over  two  or  more  lines  is  divided 
between  the  lines  in  proportion  to  mileage.  "  Terminal  charges  " 
are  sometimes  subtracted  from  the  amount  before  the  division  is 
made  and  sometimes  a  strong  road  forces  a  weaker  road  to  submit 
to  some  other  exaction  before  the  division  is  made,  but  the  final 
division  is  made  in  proportion  to  the  mileage  for  each  passenger 
ticket  or  each  freight  bill.     We  have  seen  in  §174  that  the  cost  of 
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operating  an  additional  mile  is  about  58  per  cent  of  the  average  cost. 
This  means  that  on  all  non-competitive  business  (Class  A)  there 
is  an  actual  profit  in  this  added  distance.  On  the  other  hand,  com- 
petitive rates  are  made  with  small  regard  to  distance,  are  generally 
equal,  and  therefore  any  added  distance  results  in  a  sheer  loss  with- 
out any  compensation.  This  applies  to  all  the  traffic  of  class  C. 
The  other  classes  of  traffic  are  affected  by  distance  in  various 
degrees  between  these  two  extremes.  To  illustrate:  Suppose  that 
the  distance  on  the  home  road  for  any  given  shipment  is  100  miles 
and  the  distance  on  the  foreign  road  for  that  shipment  is  150  miles; 
suppose  that  the  freight  charge  is  $10;  then  the  home  road  will 

receive  ..  ,.^    . — ^-=7;  X  $10  =  $4.00.     This  means  4  cents  per  mile 
100  +  150  ^ 

for  that  particular  class  and  weight  of  freight.     Suppose  that  the 

distance  is  increased  5  miles  on  the  home  road,  but  assume  that 

the  traffic  is  wholly  competitive  and  therefore  that  the  total  rate 

received  will  be  $10,  regardless  of  the  added  distance.     Then  the 

105 
home  road  will  receive  ■...^    .    ^^^  X  $10  =  $4.1176.    If  we  allow 

IOd  +  150 

to  the  original  100  miles  its  full  previous  allowance  of  4  cents  per 
mile,  we  have  left  11.76  cents  to  pay  for  the  extra  5  miles.  This 
is  at  the  rate  of  2.352  cents  per  mile,  which  is  58.8  per  cent  of  the 
four-cent  rate. 

This  is  slightly  more  than  the  previously  computed  percentage 
of  added  cost  for  additional  distance  computed  in  miles.  There- 
fore, if  the  original  four-cent  rate  is  profitable,  the  added  receipts 
due  to  the  added  distance  will  be  sufficient  to  operate  the  added 
distance  profitably.  Incidentally,  the  foreign  road  suffers,  for  it 
will  receive  less  for  precisely  the  same  service.  The  above  numeri- 
cal case  is  very  nearly  at  the  dividing  line  between  profitable  and 
unprofitable  additions  to  distance.  If  the  length  of  the  home  road 
is  but  a  small  proportion  of  the  total  distance,  then  it  may  be  simi- 
larly computed  that  an  addition  to  distance  is  distinctly  profitable. 
On  the  other  hand,  if  the  length  of  the  home  road  is  a  large  pro- 
portion of  the  total  distance,  an  addition  to  distance  is  distinctly 
unprofitable,  and  when  the  length  of  the  foreign  road  is  zero  (which 
means  that  the  competitive  haul  is  entirely  on  the  home  road)  then 
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any  addition  to  distance  is  sheer  loss  without  any  compensation, 
even  partial. 

The  above  numerical  case  represents  but  one  of  an  almost 
infinite  number.  Each  station  along  the  line  has  possible  traffic 
connection  with  almost  every  other  railroad  station  in  the  country. 
The  route  from  each  station  to  every  other  station  represents  a  new 
combination,  and  the  net  effect  of  the  added  distance  is  the  com- 
bined effect  of  all  the  separate  cases.  This  instantly  shows  that  a 
precise  mathematical  solution  is  impossible,  but  the  above  solution 
has  value  in  pointing  out  some  general  truths  as  follows: 

{co)  In  all  non -competitive  business,  whether  through  or 
local,  the  added  receipts  due  to  added  distance  will  be  profitable, 
and  if  the  business  of  a  road  is  almost  entirely  non-competitive 
there  is  little  or  no  disadvantage  in  added  distance,  especially  if 
the  construction  is  cheapened  in  spite  of  the  added  distance. 

(b)  When  roads  handle  a  very  large  amount  of  competitive 
business  any  additional  distance  may  be  a  source  of  loss  on  that 
class  of  business,  and  the  loss  may  be  so  serious  as  to  justify  a  con- 
siderable expenditure  to  reduce  it.  Another  reason  for  the  sub- 
sequent expenditure  of  money  to  reduce  distance  is  that,  after 
freight  rates  are  once  established  between  roads  on  through  busi- 
ness, they  are  not  apt  to  be  disturbed  to  make  them  conform  to  the 
slight  fluctuations  of  distance  caused  by  changes  in  the  alignment. 

{g)  The  above  statements  can  be  reduced  to  the  general  con- 
elusion  that  since  every  road  handles  a  considerable  proportion  of 
non -competitive  business,  there  is  always  some  compensation  for 
the  added  expenses  of  operating  additional  distance.  The  majority 
of  small  roads  do  a  business  which  is  almost  wholly  non-competitive, 
and  to  them  the  added  receipts  will  usually  pay  for  the  added  dis- 
tance, even  if  it  is  not  an  actual  source  of  profit.  Finally,  it  may 
be  said  that  a  road  is  not  usually  justified  in  making  an  additional 
expenditure  to  shorten  distance  {i.  <?.,  adopt  a  route  which  will  have 
a  greater  gross  cost  in  spite  of  the  shortened  distance)  unless  it 
handles  a  very  large  amount  of  highly  competitive  business. 

There  are  some  other  considerations  which  must  not  be  ignored 
in  considering  this  question.  One  of  them  is  the  question  of  the 
additional  time  required  to  make  the  trip.     But  this  is  ordinarily 
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to  be  considered  only  with  respect  to  competitive  passenger  busi- 
ness, and  even  then  tlie  cases  are  confined  to  the  competition  of 
trunk  lines  between  important  cities.  The  other  consideration  is 
the  possible  effect  on  the  business  done.  "  A  short  straight  line  " 
is  the  popular  description  of  a  well-designed  road.  If  the  engi- 
neer's aim  for  a  short  road  leads  him  to  pass  by  sources  of  income 
so  as  to  lose  them,  his  road  will  have  little  business  and  reduced 
receipts  because  it  is  short.  As  a  general  rule  "  adopt  that  route 
which  will  give  the  greatest  traffic  per  mile  of  road."  On  the  one 
hand  this  avoids  the  error  of  running  a  line  which  is  excessively 
crooked  in  the  effort  to  secure  every  possible  element  of  traffic  and 
thus  burdening  the  whole  traffic  with  an  excessive  haul,  and  on  the 
other  hand  running  a  line  which  misses  important  sources  of  traffic 
in  the  effort  to  have  a  straight  line. 

CURVATURE. 

177,  Operating  Disadvantages  of  Curvature.  The  non- 
technical mind  appreciates,  even  too  readily,  the  disadvantages  of 
curvature.  But  it  is  generally  true  that  the  disadvantages  which 
are  most  thoroughly  appreciated  by  the  public  are  of  least  economic 
value  to  the  engineer.  The  several  disadvantages  will  be  classified 
and  discussed  in  an  order  which  is  perhaps  the  inverse  order  of 
their  importance. 

(1)  It  increases  the  danger  of  collision  and  derailment  and 
aggravates  the  damages  of  a  derailment  when  it  occurs.  The  appli- 
cation to  be  made  to  this  statement  of  undoubted  fact  is, — how 
much  is  a  road  justified  in  expending  in  order  to  reduce  or  elimi- 
nate any  given  curve  ?  Since  the  entire  elimination  of  curves  is  a 
physical  as  well  as  a  financial  impossibility,  the  question  reduces 
to  the  lessening  of  danger  from  accidents  that  would  result  from 
such  reductions  as  are  possible.  The  I.  C.  C.  report  on  railroad 
accidents  for  the  year  ending  June  30, 1902,  showed  that  the  num- 
ber of  passengers  carried  one  mile  for  one  killed  was  57,022,283. 
This  means  that  the  chances  are  even  that  a  passenger  could  ride 
57,000,000  miles  before  he  would  be  killed.     If  he  were  to  ride! 
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continuously  at.  the  rate  of  60  miles  per  hour,  it  would  require  over 
9,500,000  hours  or  nearly  400,000  days,  which  is  considerably 
over  1,000  years. 

But  how  many  of  such  casualties  are  due  to  curvature,  and 
how  many  million  miles  must  be  traveled  by  the  average  passenger 
for  one  killed  due  to  curvature  which  is  physically  or  financially 
avoidable  ?  If  all  of  the  above  traveling  was  done  on  the  railroads 
of  this  country,  on  which  there  are  over  200,000  curves,  what  is 
the  probability  of  its  happening  on  any  one  curve  and  how  much 
may  be  spent  on  that  curve  to  reduce  the  danger  ?  And  if  it  were 
spent,  would  there  remain  no  danger  of  an  accident  there  ?  A 
thorough' logical  analysis  of  this  question  shows  that  although  it  is 
always  proper  to  take  reasonable  precautions  to  avoid  accident  at 
an  especially  dangerous  curve  (such  as  maintaining  a  flagman 
there)  it  is  impossible  to  assign  any  financial  value  to  to  the  mere 
danger  of  accident  which  would  accomplish  anything  toward  modi- 
fying construction. 

(2)  Curvature  may  affect  traffic  (a)  by  reducing  the  possible 
speed  of  fast  trains.  There  is  some  force  to  this  objection  as  it 
applies  to  sharply  competitive  traffic  between  two  cities — a  traffic 
of  which  most  roads  have  not  a  trace.  The  extent  to  which  the 
passenger  traffic  might  be  increased  by  the  minute  or  two  which 
might  be  saved  is  however  so  uncertain  that  it  defies  analysis,  (h) 
It  may  produce  rough  riding,  and  (c)  it  may  create  an  apprehen- 
sion of  danger  which  may  of  itself  deter  travel.  The  disadvantages 
resulting  from  all  three  of  these  sub-causes  are  greatly  reduced  by 
good  roadbeds  and  transition  curves.  Freight  traffic,  which  com- 
prises about  two-thirds  of  the  total,  is  wholly  unaffected  by  it,  and 
the  passenger  traffic  of  most  roads  will  not  be  influenced  by  it, 
and  therefore  an  engineer  is  not  ordinarily  justified  in  giving  it  any 
financial  weight. 

(3)  It  may  affect  the  operation  of  trains  (^a)  by  limiting  their 
length  and  (h)  by  limiting  the  type  and  weight  of  engines.  There 
are  a  few  instances  known  where  roads  which  run  along  a  river 
bank,  have  very  easy  ruling  grades  and  on  which  the  curvature  is 
perhaps  very  sharp  on  account  of  sharp  bends  in  the  river.  On 
such  roads  the  curvature  may  be  the  feature  which  limits  the  length 
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of  trains,  but  such  cases  are  rare  and  even  when  they  occur  a  com- 
putation siniihir  to  that  later  developed  will  show  how  much  may 
protitably  be  spent  to  reduce  the  rate  of  curvature.  If  a  long  grade 
up  a  mountain  were  kept  uniform,  regardless  of  curves,  the  curves 
would  add  such  resistance  that  they  would  limit  the  lenorth  of  trains, 
but  good  practice  requires  that  the  grades  shall  be  '^ compensated 
for  curv^ature,"  as  explained  later. 

The  excessively  sharp  curvature  which  has  been  used  on  some 
mountain  roads  will  certainly  preclude  the  use  of  some  of  the  largest 
types  of  locomotives.  But  such  roads  do  not  have  a  traffic  which 
justifies  the  use  of  the  heaviest  locomotives.  And  it  has  been 
found  that  even  consolidation  engines  have  an  ability  to  run  around 
sharp  curves  which  is  surprising  and  w^hich  permits  their  use  on 
any  ordinary  curvature. 

(4)  Curvature  increases  operating  expenses.  This  disadvan- 
tage is  definite,  positive  and  approximately  computable  and  since  a 
reduction  in  expenses  may  be  made  by  reducing  curvature,  we 
must  calculate  the  effect  of  curvature  on  operating  expenses. 

178.     Effect  on  Operating  Expenses.     Although  no  exactitude 

may  be  claimed  for  the 
statement,  it  is  nearly 
true  that  the  expense 
of  operating  trains  on 
curves  between  two  tan- 
gents is  independent  of 
the  degree  of  curve.  If 
A  B  in  Fig.  157  is  a  5^ 
curve  and  A'  B'  is  a  12^ 
curve  between  the  same 
tangents,  the  rail  wear 
per  foot  of  curve  and 
the  wheel  wear  per  foot 
of  travel  on  the  curve 
will  of  course  be  greater 
on  the  12°  curve,  but 
the  curve  is  correspondingly  shorter.  Therefore  the  assumption  is 
made  that  the  total  rail  wear  due  to  the  passage  of  a  given  num- 
ber of  trains  from  A  to  B  will  be  the  same  as  that  from  A'  to  B'; 
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a  similar  assumption  is  madu  regardino;  other  expenses  which  are 
affected  by  curvature,  and  this  leads  to  the  conclusion  that  the 
cost  of  operating  a  given  curve  is  a  function  of  the  number  of 
the  degrees  of  central  angle  and  that  it  is  independent  of  the 
radius  of  curvature. 

While  the  train  resistance  due  to  curvature  depends  on  the  ve- 
locity and  on  other  causes  which  makes  its  relation  to  degree  of  cur- 
vature somewhat  uncertain  and  even  variable,  it  may  be  stated  as 
an  approximate  figure  that  the  added  resistance  due  to  a  continuous 
10°  curve  is  about  equal  to  that  on  a  straight  and  level  tangent. 
Doubling  the  track  resistance  will  increase  certain  items  of  expense 
by  computable  amounts.  Their  combined  value  is  a  certain  per- 
centage of  the  cost  of  a  train  mile,  but  since  a  continuous  10°  curve 
will  have  528°  of  central  angle  in  one  mile,  1°  of  curvature  will  be 
responsible  for  y4-g^of  that  added  cost.  Such  is  the  bare  outline  of 
the  method. 

It  will  simplify  the  calculations  while  studying  the  items  of 
Table  XIY  to  throw  out  at  once  those  items  which  will  be  un- 
affected by  curvature.  Beginning  with  the  items  of  maintenance 
of  way,  w^e  may  at  once  throw  out  items  5  to  10.  Ordinarily  even 
item  4  may  be  thrown  out  since  culverts  are  unaffected  and  brido-es 
and  trestles  are  not  placed  on  curves  if  it  can  be  avoided.  In  a 
special  case  allowance  should  be  made  for  this  item. 

lUni  1:  A  very  large  proportion  of  the  sub-items,  such  as 
ditching,  weeding,  care  of  embankments  and  slopes,  are  unaffected; 
assuming  that  50  per  cent  of  the  sub-items  are  unaffected  and  that 
the  others  are  affected  an  average  amount  of  50  per  cent  of  them- 
selves,  it  would  add  25  per  cent  to  the  cost  of  this  item. 

Item.  2:  Experiments  on  the  relative  wear  of  rails  on  tangents 
and  on  curves  would  seem  to  indicate  that  the  wear  on  a  6°  curve 
is  about  tw^ice  that  on  a  tangent,  or  that  the  extra  wear  on  a  6"^  curve 
is  equal  to  that  on  a  tangent,  and  also  that  the  extra  wear  varies  ap- 
proximately as  the  square  of  the  degree  of  curvature,  which  means 
that  on  a  10°  curve  the  extra  wear  will  be  300  per  cent  of  the  normal 
rail  wear  on  a- tangent.  Even  admitting  the  accuracy  of  this  last 
statement,  the  rail  wear  is  not  proportional  to  the  degree  of  curvature 
and  therefore  the  total  excess  wear  for  each  degree  of  central  anorle 
will  not  be  uniform.     But  the  value  of  300  per  cent  for  the  excess 
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rail  wear  on  528°  in  a  mile  will  be  used,  and  it  will  be  shown  later 
that  an  excessive  variation  from  this  estimate  will  not  largely  affect 
the  final  result. 

Item  3:  Ties  work  loose  on  curves  more  readily  than  on 
tangents,  and,  because  they  must  be  re-spiked  more  frequently, 
the  ties  are  "spike-killed"  before  they  decay.  It  has  been 
estimated  that  a  tie  which  will  last  nine  years  on  a  tangent 
will  last  six  years  on  a  10^  curve.  If  the  life  of  other  ties  is  in  the 
same  proportion,  this  will  add  50  per  cent  for  this  item. 

Among  the  items  of  maintenance  of  equipment  items  11,  16, 
18  and  19  may  be  at  once  struck  out  as  being  unaffected. 

Itei/i  12:  Curvature  affects  engine  repairs  chiefly  in  the  extra 
wear  of  wheels  and  in  the  straining  and  additional  power  required  on 
curves.  As  the  result  of  an  elaborate  analysis  of  engine  repairs 
with  an  estimate  of  the  proportion  of  them  which  are  due  to  curva- 
ture, 6  per  cent  of  all  engine  repairs  are  assigned  to  this  cause. 
The  average  curvature  on  railroads  amounts  to  about  30^  per  mile. 
If  engine  repairs  varied  directly  as  the  amount  of  curvature,  528^ 
per  mile  would  increase  the  item  for  repairs  by  17.6  X  6  or  practi- 
cally 100  per  cent.  Regardless  of  what  the  engine  repairs  might 
become  on  a  10°  continuous  curve,  since  we  divide  our  final  result 
by  528,  we  may  consider  that  -^l-^  of  the  above  figure  will  be  correct 
for  ordinary  curves  and  therefore  will  add  100  per  cent  for  the 
excess  wear  due  to  528°.  Although  the  effect  of  curvature  on  car 
repairs  is  likewise  indefinite,  the  same  value  100  per  cent  will  be 
used  for  items  13,  14  and  15. 

Ite)n  17 :  The  increase  in  this  item  will  probably  not  exceed 
50%. 

Goiulactlrig  tramportatlori:  Items  20,  21,  26,  27,  29  to  31, 
and  38  to  46  may  at  once  be  cut  out. 

Items  22  to  25:  It  was  shown  in  §174  that  about  50  to  55 
per  cent  of  these  items  are  required  to  haul  a  train  an  additional 
mile  and  since  the  528°  of  curvature  is  assumed  to  double  the  train 
resistance  the  increase  in  these  items  should  be  the  same  as  that 
shown  in  Table  XV.  ^  • 

Ite7)i  28:  In  general,  curvature  will  not  increase  this  item; 
in  special  cases  extra  flagmen  are  required  to  watch  especially 
dangerous  curves,  but  such  cases  may  be  allowed  for  if  necessary; 
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no  part  of  this  item  should  be  charged  against  curvature  in  general. 

Items  35  to.  37:  As  stated  before  in  §177,  a  large  part  of 
these  items  have  no  relation  to  curvature;  item  35  may  be  altogether 
ignored;  it  will  probably  be  excessive  to  allow  50  per  cent  of 
items  36  and  37,  but  this  will  be  done. 

Itei/is  47  to  53:  These  are  evidently  unaffected. 

Collecting  the  above  estimates  and  tabulating  them  we  have 
TABLE  XVI. 

Effect  on  Operating  Expenses  of  Changes  in  Curvature. 


Item 

No. 

Normal 
average 

Per  cent 
affected 

Cost 
per  mile 

Item' 
No. 

Normal 
average 

Per  cent 
affected 

Cost 

per 

mile 

1 
3 

10  1 

10.779 
1.443 
3.060 

5.934 

25 

300 
50 

0 

3.69 
4.33 
1.53 

0 

20 

21 

23 

33 

24 

25 

26) 

to  V 

46  S 

1.759 

9.640 

9-949 

.649 

.373 

.193 

34.163 

0 
0 
55 
50 
50 
50 

0 

0 

0 

5.47 

.32 

.19 

.10 

31.305 

8.. 55 

0 

11 

.650 

15.713 

.318 
.538 
.041 
.503 

0 

100 

0 

50 

0 

0 

0 

15.71 

0 

.27 

0 

0 

13) 

to  y 

.56.724 

— 

6.08 

15  i 

16 

17 

18 

47  J 
toV 
53  i 

4.428 

0 

0 

19 

100.000 

30.61 

17.643 

15.98 

Considering  the  above  percentages  as  ce/its  per  mile — since, 
as  before,  the  average  cost  per  mile  is  so  nearly  equal  to  $1 — then 
we  may  say  that  1°  of  central  angle  will  increase  the  expense  per 
train  hjj^^  of  30.61  cents.  Multiplying  this  by  2  X  365,  we  have 
42  cents  as  the  cost  per  year  for  each  round  trip  of  each  daily 
train  of  1°  of  central  angle  in  a  curve. 

179.  Numerical  Example.  Reduction  of  curvature.  As- 
sume that  by  a  change  of  alignment,  which  is  now  common  and 
familiar  in  the  recent  reconstruction  of  the  great  trunk  lines,  an 
easy  alignment  is  substituted  for  a  series  of  sharp  reversed  curves 
so  that  a  sum  total  of  128^  of  central  angle  is  reduced  to  72%  thus 
saving  56^  of  central  angle.  Assume  that  there  are  sixteen  daily 
trains  each  way.  How  much  expenditure  will  be  justified  by  this 
saving?  On  the  above  basis  it  will  be  56^  X  0.42  X  16  -=  $376.32. 
Capitalizing  this  at  5  per  cent  the  justifiable  expenditure  to  ac- 
complish  it  is  evidently  $7,526.  At  20  cents  per  cubic  yard  this 
would  pay  for  excavating  37,600  cubic  yards  of  earthwork.     This 
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is  the  equivalent  of  a  cut  20  feet  wide  at  the  roadbed,  slopes  1.5 
:  1,  over  12  feet  deep,  and  2000  feet  long.  Assume  now  that  the 
estimate  of  rail  wear  is  increased  to  500  rather  than  300  per  cent  as 
used.  This  would  increase  the  estimate  from  30.61  to  33.41),  or  an 
increase  of  9.4  per  cent.  Such  a  change  in  the  estimate  is  exces- 
sive and  yet  the  effect  on  the  final  result  is  less  than  10  per  cent. 
If  an  engineer  can  rely  on  his  economic  calculations  to  within  10 
per  cent,  he  is  immeasurably  better  off  than  he  would  be  by  a 
reliance  on  any  ''judgment"  unsystematically  formed. 

180.  Compensation  for  Curvature.  Curvature  makes  a  very 
definite  increase  in  train  resistance,  and  such  increased  resistance 
is  readily  equated  to  its  equivalent  in  added  grade.  Assuming 
that  the  curve  resistance  on  a  6°  curve  is  4  pounds  per  ton,  which 
is  the  grade  resistance  on  a  0.2  per  cent  grade,  if  there  should  be 
a  C)^  curve  on  a  1.0  per  cent  grade,  the  resistance  on  that  grade 
would  be  the  same  as  on  a  straight  track  having  a  1.2  per  cent 
grade.  On  this  basis,  if  1.2  per  cent  were  selected  as  the  ruling 
grade  and  it  became  necessary  to  introduce  a  6"^  curve,  the  grade 
should  be  reduced  on  that  curve  to  1  per  cent  so  that  the  total 
resistance  on  that  curve  shall  be  no  greater  than  on  the  tangent. 
This  is  the  fundamental  idea  of  curve  compensation.  On  grades 
which  are  so  low  that  they  will  never  be  ruling  grades  even 
if  the  rate  of  ruling  grade  is  reduced  by  reconstruction,  there 
is  no  necessity  for  curve  compensation,  but  the  neglect  of  it  on 
ruling  grades  means  that  the  ruling  grade  is  practically  increased 
to  the  grade  which  is  the  equivalent  of  the  combined  grade  and 
curve  resistance,  and  that  if  the  grade  on  the  straight  track  is  not 
increased  to  this  virtual  maximum,  the  advantacres  of  a  uniform  rul- 

o 

ing  grade  are  lost.  These  advantages  will  be  discussed  later 
under  *'Grade." 

Bate  of  compensation.  This  means  such  a  reduction  in  the 
grade  that  the  saving  in  grade  resistance  equals  the  curve  resistance. 
But  curve  resistance  varies  somewhat  as  the  velocity,  the  condition  of 
the  rails,  and  even  the  type  of  the  wheel  base.  For  simplicity  of 
calculation  the  curve  resistance  is  usually  assumed  to  vary  as  the 
degree  of  curvature.  While  this  is  nearly  true  for  low  degrees  of 
curvature,  it  becomes  grossly  inaccurate  for  excessively  sharp 
curvature,  on  which  the  resistance  is  fortunately  much  less  than  its 


319 


238  RAILROAD  ENGINEERING 


proportionate  amount.  This  is  probably  due  to  the  fact  that  a 
large  part  of  the  resistance  from  curvature  is  due  to  causes  which 
are  independent '  of  the  degree  of  curve.  The  resistance  will 
amount  to  about  2  pounds  per  ton  degree  of  curve  (equivalent  to 
a  0,1  per  cent  grade)  when  the  velocity  is  very  low — as  when  starting 
a  train.  It  is  less  for  fast  trains  than  for  slow  trains,  but  consider- 
ing that  it  is  the  slow  and  heavy  freight  trains*  which  must  be 
chiefly  considered,  the  larger  values  for  compensation  which  are 
needed  for  the  slower  velocities  must  be  used.  Compensation 
results  in  a  loss  of  elevation  for  a  given  horizontal  distance  and 
when  money  lias  been  spent  in  "development"  in  order  to  reduce 
the  grade  to  some  desired  limit,  any  useless  compensation  is  a 
waste  and  should  be  avoided.  If  a  curve  occurs  on  a  grade  im- 
mediately below  a  stopping  place  for  all  trains  (or  at  least  all  trains 
which  are  so  heavy  that  they  will  be  affected  by  the  ruling  grade), 
the  compensation  may  be  reduced  or  omitted  altogether  on  the 
ground  that  the  curve  resistance  would  simply  use  up  the  energy 
which  might  otherwise  be  used  up  by  l)rakes  in  stopping  the  train. 
If  that  heavy  grade  should  continue  on  above  that  stopping  place, 
then  the  compensation  should  be  made  even  greater  than  the  aver- 
age to  allow  for  the  increased  resistance  while  starting.  Since 
the  curve  resistance  merely  adds  to  the,  virtual  grade,  and  the  ob- 
ject of  compensation  is  to  prevent  such  additions  from  increasing 
the  ruling  grade,  there  is  no  object  in  using  compensation  on  a 
grade,  which  is  already  so  low  that  the  added  resistance  will  notmake 
it  virtually  equal  to  the  ruling  grade.  An  exception  to  this  lies  in 
the  danger  that  it  may  some  time  prove  desirable  to  make  such 
changes  of  alignment  that  the  ruling  grade  is  very  materially  cut 
down,  and  it  might  happen  that  neglect  to  compensate  would  add 
tliat  much  to  the  revised  ruling  grade.  The  above  discussion  may 
therefore  be  reduced  to  the  following  rules: — 

(1)  On    the  upper    side  of  a   stopping  place  for  all  heavy 
trains  com[)ensate  0.10  per  cent  per  degree  of  curve., 

(2)  On  the  lower  side  of  such  a  stopping  place  do  not  com- 
pensate at  all  —  but  this  rule  should  be  applied  cautiously. 

(3)  Ordinarily  compensate  about  0.05  per  cent  per  degree  of 
curve. 

(4)  Reduce  tliis  rate  to  0.04  per  cent  and  possibly  to  0.03 
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per  cent  if  it  is  found  that  the  higher  rate  of  compensation  causes 
such  a  loss  of  height  that  the  grade  on  the  tangent  must  be  increased. 

(5)  Reduce  the  rate  somewhat  for  curvature  above  10\ 

(6)  Curves  which  are  so  much  less  than  the  ruling  grade 
that  they  will  always  be  minor  grades  need  not  be  compensated. 

181,  Limitations  of  Curvature.  Surveys  for  railroads  are 
frequently  made  under  instructions  tliat  curves  (and  also  grades) 
shall  not  exceed  some  chosen  limitations.  What  should  be  the 
limitation,  if  any,  of  the  degree  of  curvature?  Probably  no 
definite  answer  is  correct  unless  it  be  said  that  there  should  be 
no  limitation.  It  has  been  shown  that  all  ordinary  degrees  of 
curvature  even  up  to  20"^  will  still  permit  the  use  of  heavy  engines, 
and  there  are  numerous  instances  where  a  heavy  railroad  traffic 
has  been  hauled  for  many  years  around  excessively  sharp  curves 
without  any  serious  difficulty — as,  for  instance,  the  traffic  on  the 
Baltimore  &  Ohio  R.  K.  at  Harper's  Ferry  which  for  many 
years  was  hauled  around  a  19°  10'  curve  (radius  300  feet).  This 
curve  has  recently  been  changed.  Of  course  the  young  engi- 
neer should  not  conclude  from  this  that  curvature  is  of  no  con- 
sequence, and  that  he  may  recklessly  put  in  as  much  and  as  sharp 
curvature  as  might  seem  at  first  the  easiest  plan  to  adopt.  The 
preceding  discussion  shows  that  there  is  a  definite  money  value  in 
reducing  every  possible  degree  of  central  angle  and  also  that  the 
radius  of  curvature  should  be  made  as  large  as  possible  without  a 
serious  sacrifice  of  other  interests  or  extravagant  expenditure.  It 
generally  happens,  when  running  a  road  through  a  mountainous 
country,  and  when  a  high  summit  must  be  crossed,  that  the  grades 
can  only  be  reduced  by  the  adoption  of  very  sharp  curvature  or  by 
a  large  expenditure  in  construction.  Since  the  expenditure  is  usually 
limited  by  financial  considerations  the  error  of  adopting  a  hiorh 
ruling  grade  is  usually  made  and  the  degree  of  curv^ature  is  limited 
to  a  low  figure  which  is  ridiculously  out  of  proportion  with  the 
general  condition  of  the  road. 

Sometimes  the  limited  money  at  the  disposal  of  the  company 
is  wasted  on  a  route  which  gives  easy  curves  when  the  money  could 
have  been  spent  advantageously  in  other  ways.  But  the  more  com- 
mon error  is  the  needless  increase  in  the  rulincr  orade.  Many  rail- 
roads  have  been  laid  out  under  the  instructions  that  the  maximum 
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grade  may  be  60  feet  per  mile  and  the  maximuiii  curve  6^.  These 
limits  have  been  used  separately  or  in  combination,  with  the  result 
that  when  a  6"^  curve  occurred  on  a  60- foot  grade,  the  virtual 
grade  was  thereby  increased  (on  a  0.05  per  cent  basis)  to  nearly 
76  feet  per  mile.  While  a  grade  of  60  feet  per  mile  might  be  a 
very  proper  ruling  grade  under  certain  conditions,  it  might  readily 
happen  that  the  option  of  using  a  10"^  or  even  20""  curve  would  per- 
mit adopting  a  line  with  a  ruling  grade  so  much  less  than  60  feet 
that  the  advantages  of  the  reduction  of  grade  would  far  outweigh 
the  comparatively  insignificant  disadvantages  of  the  sharp  curvature. 
Therefore,  as  a  general  answer  it  may  be  said  that  the  limits,  if  any, 
should  conform  to  the  general  character  of  the  country,  and  that 
when  it  appears  possible  to  obtain  a  great  advantage,  such  as  the 
reduction  of  the  ruling  grade,  by  an  increase  in  the  degree  of  curva- 
ture and  even  in  the  degrees  of  central  angle,  such  increase  should 
be  made  unless  it  may  be  definitely  computed  that  the  disadvan- 
tages of  the  increased  curvature  would  outweigh  the  advantagres  of 
the  reduced  grade. 

GRADE. 

182.  Distinction  between  Minor  and  Ruling  Grades.  This 
distinction  must  be  very  clearly  understood  before  their  operating 
disadvantages  may  be  computed.  The  previous  discussion  has 
shown  that  the  cost  of  running  a  train  one  mile  is  approximately  a 
constant  quantity,  no  matter  whether  the  train  is  long  or  short, 
heavy  or  light.  The  receipts  for  transporting  so  many  tons  of 
freight  is  a  definite  quantity  and  is  unaffected  whether  it  is  trans- 
ported in  one  train  load  or  two.  If  it  is  possible  by  a  reduction  in 
grade  to  haul  in  a  single  train  load  as  much  freight  as  w^ould  re- 
quire two  train  loads  by  the  old  plan,  then,  since  the  receipts  are 
constant  and  the  cost  of  the  two  light  trains  will  be  nearly  double 
that  of  the  one  heavy  train,  it  is  evident  that  the  low-grade  plan 
will  be  very  profitable  and  the  other  plan  corresDondingly  costly 
and  financially  ruinous. 

Although  it  is  not  often  practicable  to  douole  the  weight  of 
the  train  behind  a  freight  engine,  a  very  material  increase  in  the 
train  load  can  generally  be  made  by  such  reduction  of  the  ruling 
grade  as  is  practicable,  and  such  increase  in  train  load  frequently 
makes  all   the  difference   between    large  dividends  and  an   actual 
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deficit.  The  ruling  grade  definitely  limits  the  load  that  can  be 
hauled  by  an  engine  with  a  given  weight  on  the  drivers  and  its 
financial  effect  is  very  great.  On  the  other  hand,  a  minor  grade 
does  not  limit  the.  number  of  cars  and  its  effect  on  operating  ex- 
penses is  confined  chiefly  to  an  increase  in  the  consumption  of  fuel 
and  other  locomotive  supplies.  While  this  increase  in  expense  has 
an  importance  which  is  worth  computing,  it  is  insignificant  com- 
pared with  the  cost  of  running  additional  trains  to  handle  a  given 
trafiic. 

The  real  cost  of  minor  grades  is  also  less  than  it  might  other- 
wise  be  considered  owing  to  the  fact  that  each  rise  has  its  cor- 
responding fall.  Even  though  several  high  summits  may  be 
crossed,  the  difference  of  elevation  of  the  termini  (say  200  or  even 
500  feet)  is  insignificant  from  the  standpoint  of  grade  when  the 
distance  is  perhaps  as  many  miles.  And  even  in  the  extreme  case 
when  the  grade  is  all  in  one  direction,  the  additional  energy  re- 
quired to  climb  the  grades  is  partly  returned  in  the  assistance  the 
grade  gives  to  trains  on  the  return  trio  and  the  consequent  saving 
in  motive  power. 

183.  Laws  of  Accelerated  Motion.  Application  to  niooe- 
ment  of  trains.  When  a  train  starts  from  rest  and  acquires  its 
normal  velocity  (say  30  miles  per  hour)  the  engine  must  develop 
not  only  the  power  required  for  all  the  ordinary  tangent  and  per- 
haps curve  and  grade  resistances,  but  also  the  ^'  kinetic  energy '' 
corresponding  to  the  velocity  which  has  been  acquired.  This  kinetic 
energy  is  not  wasted;  all  of  it  is  transformed  back  into  work  of 
some  kind.  The  work  may  be  consumed  and  wasted  in  the  brakes, 
but  it  may  also  be  spent  (and  is  so  spent)  in  overcoming  resistances 
whenever  the  velocity  of  the  train  is  reduced.  The  amount  of  this 
kinetic  energy  is  a  definite  mathematical  quantity.     The  laws  of 

Mechanics  tell  us  that  this  energy  equals  Wk"^  ,  in  which  W  = 

the  weight  of  the  train,  o  ^=  its  velocity  in  feet  per  second  and 
g  =  the  acceleration  of  the  force  of  gravity,  which  equals  32.10 
feet  per  second  in  a  second. 

A  better  appreciation  of  this  force  may  be  obtained  by  con- 
sidering for  a  moment  that  if  the  train  could  move  along  the  track 
without  any  resistance,  then,  when  running  at  a  velocity  of  v  feet 
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per  second,  it  possesses  a  kinetic  energy  which  would  raise  it  to  a 

height  of  h  feet,  where  //  =   9~-      If  w^  consider  that   the  engine 

is  furnishing  exactly  the  power  required  to  overcome  the  tractive 
resistances,  then  the  train  would  run  until  it  had  climbed  a  grade 
to  a  height  of  h  feet,  no  matter  whether  it  was  accomplished  in 
100  feet  or  a  mile.  By  an  expansion  of  the  theory  it  is  also  shown 
that  when  the  train  has  climbed  a  vertical  height  of  A'  feet  (less 
than  A),  it  will  have  a  velocity  v'  =  \/  2(j  i^h-h'). 

For  example,  assume  that  the  velocity  of  the  train  is  30  miles 
per  hour,  =  44  feet  per  second.     It  then  has  a   kinetic    energy 

which  would  raise  it  a  height  in  feet  =  h  =^  ^ ,^  ^  ^  ,  '-=  30.1 

^  2  X  32.16 

feet.  If  the  engine  furnished  just  enough  energy  to  overcome  the 
tractive  resistances,  the  kinetic  energy  would  carry  the  train  up  a 
grade  of  15  feet  per  mile  for  a  distance  of  about  two  miles  or  up  a 
grade  of  60  feet  per  mile  for  a  distance  of  about  a  half  mile.  If 
the  train  were  moving  up  a  grade  of  20  feet  per  mile  and  had  pro- 
ceeded half  a  mile,  it  would  have  climbed  ten  feet  and  would  still 
have  a  kinetic  energy  corresponding  to  20.1  feet,  and  its  velocity 
would  then  =  v'  ==  y  2  X  32.16  X  201  =  35.9  feet  per 
second. 

If  the  train  were  a  solid  mass  the  above  figures  would  be  abso- 
lutely correct,  but  the  solution  is  a  little  complicated  by  the  fact 
that  an  appreciable  part  of  the  weight  of  the  train  consists  of 
revolving  wheels,  to  which  must  be  imparted  the  kinetic  energy 
of  rotation  in  addition  to  the  kinetic  energy  of  translation.  The 
ratio  of  this  rotative  kinetic  energy  to  that  of  translation  depends 
chielly  on  the  ratio  of  the  weights  of  the  wheels  and  of  the  whole 
car  or  engine.  Evidently  this  ratio  depends  on  the  detailed  design 
of  the  rolling  stock,  and  more  especially  on  whether  the  cars  are 
loaded  or  empty.  This  consideration  shows  that  no  one  value  will 
be  accurate  for  all  cases,  but  there  will  be  little  error  in  adopting 
5  per  cent  as  an  average  value  for  the  increase  in  the  kinetic 
energy. 

Table  XYII,  which  will  l)o  found  very  useful   in   these  com- 
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piitations,  lias  therefore  been  eouiputed  on  the  following  basis: 

^"^  "^  ^^'  P*^^  s^^*-       .1.4667  y^  in  111.  per  h- 
-Velocity  head'   =       2  X  ^2.16       =  64:82 

=  0.03344V^ 
adding  5  per  cent  for  the  rotative  kinetic 
energy  of  the  wheels,  =  0.00167Y"'' 

The  corrected  velocity  head  therefore  =  0.035 IIV^ 

TABLE  XVIL 

Velocity  Head  (Representing  the  Kinetic  energy)  of  Trains 

riovrng  at  Various  Velocities, 


Velocity. 

1 

TOiles  per 

0.0 

0.1 

0.2 

0.3 

0.4 

0.5 

0.6 

0.7 

0.8 

0.9 

hours. 

10...... 

3.51 

3.58 

.3.65 

3.72 

3.79 

3.87 

3.95 

4.02 

4.10 

4.17 

11 

4.25 

4.33 

4.41 

4.49 

4.57 

4.65 

4.73 

4.81 

4.89 

4.97 

12 

5.06 

5.15 

5.23 

5.32 

5.41 

5.50 

5.58 

5.67 

5.75 

5.&4 

13 

5.93 

6.02 

6.12 

6.21 

6.31 

6.40 

6.50 

6.59 

6.69 

6.78 

14 

6.88 

6.98 

7.08 

7.19 

7.29 

7.39 

7.49 

7.60 

7.70 

7.80 

15 

7.90 

8.00 

8.11 

8.22 

8.33 

8.44 

8.55 

8.66 

8.77 

8.88 

16 

8.99 

9.10 

9.21 

9.32 

9.43 

9.55 

9.67 

9.71 

9.91 

10.03 

17 

10.15 

10.27 

10.39 

10.51 

10.63 

10.75 

10.87 

10.99 

11.12 

11.25 

18 

11.38 

11.50 

11.63 

11.76 

11.89 

12.02 

12.15 

12.28 

12.41 

12.55 

19 

12.58 

12.81 

12.95 

13.08 

13.22 

13.35 

13.49 

13.63 

13.77 

13.91 

20 

14.05 

14.19 

14.33 

14.47 

14.61 

14.75 

14.89 

15.(M 

15.19 

15.34 

21 

15.49 

15.64 

15.79 

15.94 

16.09 

16.24 

16.39 

16.54 

16.69 

16.84 

22 

17.00 

17.15 

17.30 

17.46 

17.62 

17.78 

17.94 

18.10 

18.26 

18.42 

23 

18.58 

18.74 

18.90 

19.06 

19.22 

19.38 

19.55 

19.72 

19.89 

10.06 

24 

20.23 

20.40 

20.57 

20.74 

20.91 

2I»08 

21.25 

21.42 

21.59 

21.77 

25 

21.95 

22.12 

22.30 

22.48 

22.66 

22.84 

23.02 

23.20 

23.38 

23.56 

26 

23.74 

23.92 

24.10 

24.28 

24.46 

24.65 

24.84 

25.03 

25.22 

25.41 

27 

25.60 

25.79 

25.98 

26.17 

26.36 

26.55 

26.74 

26.93 

27.13 

27.33 

28 

27.53 

27.73 

27.93 

28.13 

28.33 

28.53 

28.73 

28.93 

29.13 

29.33 

29 

29.53 

29.73 

29.93 

30.13 

30.34 

30.55 

30.76 

30.97 

31.18 

31.39 

30 

31.60 

31.81 

32.02 

32.23 

32.44 

32.65 

32.86 

33.08 

33.30 

33.52 

31 

33.74 

33.96 

34.18 

34.40 

34.62 

34.84 

35.06 

35.28 

35.50 

35.72 

32 

35.95 

36.17 

36.39 

36.62 

36.  &5 

.37.08 

37.31 

37.^ 

37.77 

38.00 

33 

38.23 

38.46 

38.69 

38.92 

39.15 

39.38 

39.62 

39.86 

40.10 

40.34 

34 

40.58 

40.82 

41.06 

41.30 

41.54 

41.78 

42.02 

42.26 

42.51 

42.76 

35 

43.01 

43.26 

43.51 

43.76 

44.01 

44  26 

44.51 

44.76 

4.0. 01 

45.26 

36 

.  45.51 

45.76 

46.01 

46.26 

46.52 

46.78 

47.04 

47.30 

47.56 

47.82 

37 

48.08 

48.34 

48.60 

48.86 

49.12 

49.38 

49.64 

49.91 

50  18 

50.45 

38 

50.72 

50.99 

51.26 

51  53 

51.80 

52.07 

52.34 

52.61 

52  88 

53.15 

39 

53.42 

53.69 

53.96 

54.23 

54.51 

54.79 

55.07 

55.35 

55.63 

55.91 

40 

56.19 

56.47 

56.75 

57.03 

57.31 

57.59 

57.87 

58.16 

58.45 

58.74 

41 

59.03 

59.32 

59.61 

59.90 

60.19 

60.48 

60.77 

61.06 

61.35 

61.62 

42 

61.94 

62.23 

62.52 

62.82 

63.12 

63.42 

63-72 

64.02 

64.32 

64.63 

43 

61.92 

&5.22 

ft->.52 

65.82 

66.12 

66.43 

66.74 

67.05 

67.36 

67.67 

44 

67.98 

68.29 

68.60 

68.91 

69.22 

69.53 

69.84 

70.15 

70.46 

70.78 

45 

71.10 

71  42 

71.74 

72.06 

72.38 

72.70 

73.02 

73.34 

73.66 

73.98 

46 

74.30 

74.62 

74.94 

75.26 

75.59 

75.92 

76.25 

76.58 

76.91 

77.24 

47 

77.57 

77.90 

78.23 

78.56 

78.89 

79.22 

79.55 

79.89 

80.23 

80.  .57 

48 

80.91 

81.25 

81.59 

81.93 

82.27 

82.61 

82.95 

83.29 

83.63 

83.97 

49 

84.32 

84.66 

85.00 

&5.34 

85.69 

86.04 

86.39 

86.74 

87.09 

87.44 

50 

87.79 

88.14 

88.49 

88.  a5 

89.20 

89.55 

89.91 

90.26 

90.61 

90.97 
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Fig.  158. 


Part  of  the  figures  of  Table  XVII 
were  obtained  by  interpolation,  and, 
therefore,  there  mail  be  an  eri-or  of  a 
single  unit  in  the  hundredths  place  in 
some  of  the  figures,  but  considering  the 
uncertainties  in  the  problem,  the  exact 
value  to  hundredths  is  of  no  practical 
importance.  Examples  of  the  applica- 
tion of  this  table  will  be  given  later. 

184.  Virtual  Profile.  The  following 
demonstrations  are  made  on  the  basis 
that  the  ordinary  tractive  resistances 
and  also  the  tractive  force  of  the  loco- 
motiv^e  are  independent  of  velocity. 
Although  this  is  not  strictly  true,  it  is 
so  nearly  true  that  calculations  made 
on  this  basis  are  applicable  to  freight 
train  problems  in  w^hich  the  velocity  is 
usually  low.  Trains  which  must  make 
fast  time  must  have  a  very  great  excess 
of  power  so  that  they  may  accumulate 
'^locity  quickly  and,  therefore,  the  ne- 
cessity for  accuracy  is  not  so  great. 
Assume  that  Fig.  158  shows  the  profile 
of  a  section  of  road  and  that  the  grade 
of  A  E  is  0.40  per  cent,  which  is  21.12 
feet  per  mile.  Assume  also  that  a 
freight  engine  which  is  climbing  up  the 
grade  has  been  so  loaded  that  when  the 
engine  is  working  uniformly  at  its  nor- 
mal maximum  the  velocity  up  such  a 
grade  would  be  uniformly  20  miles  per 
hour.  But  since  the  train  is  moving  at 
20  miles  per  hour  it  has  a  kinetic  energy 
corresponding  to  a  velocity  head  of  14.05 
feet  (see  Table  XVII).  At  A  it  en- 
counters a  down  grade  of  0.20  per  cent, 
which    is    1500    feet   loner.      Althoup;h 
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A  B  has  a  down  grade  of  only  0.2  per  cent,  its  grade  with  respect 
to  the  up  grade  of  A  E  (0.40  per  cent)  is  0.60  per  cent.  There- 
fore li  is  9.00  feet  below  B'.  Since  the  work  done  by  the  engine 
would  have  carried  the  train  up  to  the  point  B'  with  a  velocity 
of  20  miles  per  hour,  the  virtual  drop  of  9  feet  will  in- 
crease the  velocity  head  from  14.05  feet  to  23.05  feet,  which 
corresponds  to  the  velocity  of  25.6  miles  per  hour,  and  this  will 
actually  be  the  velocity  of  the  train  at  the  point  B.  At  B  the 
grade  changes  to  a  1.0  per  cent  up  grade  for  a  distance  of  2300 
feet. 

The  approach  of  the  grade  B  C  to  the  grade  B  '  C  is  at  the  rate 
of  (1.0-0.4)  or  0.6  per  cent  and  therefore  the  point  C  will  be 
reached  in  1500  feet.  In  the  remaining  800  feet  the  line  will 
climb  to  D,  which  is  4.8  feet  above  D'.  Although  at  B  the  train 
is  moving  at  the  rate  of  25.6  miles  per  hour  and  the  engine  is  work- 
ing at  such  a  rate  that  it  will  carry  the  train  up  a  0.4  per  cent  grade, 
yet  when  climbing  up  a  1.0  per  cent  grade  it  consumes  its  kinetic 
energy  in  overcoming  the  additional  grade.  When  it  reaches  C, 
it  has  lost  the  additional  kinetic  energy  which  it  gained  from  A  to 
B,  and  as  it  continues  it  loses  even  more.  When  it  reaches  D  it 
has  lost  4.S  feet  more  and  its  velocity  head  is  reduced  to  (14.05- 
4.8)  =  9.25  feet,  which  corresponds  to  a  velocity  of  16.2  miles 
per  hour.     At  D  the  grade  changes  to  +  0.1  per  cent. 

Here  we  have  the  rather  surprising  condition  that,  although 
the  grade  is  actually  rising,  it  is  virtually  a  down  grade  under  the 
given  conditions,  for  the  engine  is  working  harder  than  is  required 
to  run  up  merely  a  0.1  per  cent  grade  and  hence  will  gain  in 
velocity.  At  E,  a  distance  of  1600  feet  from  D,  it  reaches  what 
would  have  been  a  uniform  0.4  per  cent  grade  from  K  to  E  and 
the  grade  continues  at  that  rate.  Although  the  train  has  actually 
climbed  1.6  feet  from  D  to  E,  it  has  virtually  fallen  the  4.8  feet 
between  D  and  D',  and  the  velocity  head  has  increased  from  its 
val\ie  of  9.25  feet  at  D  to  14.05  feet,  and  its  velocity  is  again  20 
miles  per  hour.  The  upper  line  represents  the  »"  virtual  profile," 
which  may  always  be  drawn  by  measuring  off  to  the  proper  scale 
at  every  point  an  ordinate  which  is  the  velocity  head  at  that  point. 
Since  the  engine  is  working  uniformly,  the  virtual  profile  is  in 
this  case  a  straight  line. 
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Although  the  variation  of  resistance  and  tractive  effort  with 
velocity  will  have  some  effect  on  the  precision  of  the  above  figures, 
yet  it  must  not  be  considered  as  fanciful  and  impractical.  Under 
the  given  conditions  it  is  substantially  what  would  take  place.  If 
the  grade  B  D  were  continued  to  F,  or  until  the  actual  grade  inter- 
sected the  virtual  profile,  the  train  would  become  stalled,  for  when 
the  engine  is  loaded  for  an  indefinite  haul  up  a  0.4  per  cent  grade, 
it  cannot  haul  a  train  indefinitely  up  a  higher  grade.  Practically 
the  train  would  stall  somewhat  short  of  F,  since  the  tractive  resist- 
ance increases  as  the  velocity  drops  to  nearly  zero.  Under  such 
conditions,  B  D  is  a  "momentum  grade,"  which  Qnay  be  higher 
than  the  ruling  grade,  and  yet  it  is  practically  harmless  under 
,these  conditions,  lyrovided  that  a  train  is  never  required  to  stop  on 
that  grade.  A  B  C  is  technically  a  "  sag  "  in  the  grade  A  C  and 
would  be  considered  such  even  if  A  B  were  an  up-grade  (although 
less  than  the  grade  A  C).  Such  a  sag  is  usually  harmless  unless 
it  is  so  deep  that  the  train  would  acquire  a  dangerously  high  ve- 
locity at  the  bottom  of  the  sag  B. 

In  the  above  numerical  case  the  velocity  is  only  25. G  miles  per 
hour,  which  is  not  at  all  dangerous  even  for  freight  trains  in  these 
days  of  air  brakes  and  automatic  couplers.  But  a  much  deeper 
sag  might  require  the  use  of  brakes,  which  not  only  consumes  some 
of  the  energy  stored  in  the  train,  but  also  wears  out  the  wheel 
treads  and  brake  shoes. 

Another  phase  of  the  question  is  developed  when  we  consider 
the  action  of  a  train  stopping  on  a  grade.  Assume,  as  in  Fig.  159, 
that  a  train  Js  climbing  up  the  grade  AB  at  a  uniform  velocity 
whose  velocity  head  is  measured  by  A  A'  =  B  B'.  At  B  it  com- 
mences to  slow  up  for  a  stop  at  C.  Since  it  is  stationary  at  C,  the 
velocity  head  is  zero  and  the  virtual  profile  A'  B'  runs  from  B'  to 
C  by  a  line  which  may  or  may  not  be  straight.  Assume  that  the 
train  starts  up  and  the  engine  exerts  such  force  that  at  D  it  has 
regained  the  velocity  it  had  at  A  or  B.  The  ordinate  DD'  must 
equal  A  A'  and  the  virtual  profile  must  run  from  C  to  D'.  CD' 
therefore  represents  the  virtual  grade  up  which  the  train  must 
climb.  To  put  it  in  figures;  assume  that  C  I)  =  1,300  feet;  the 
required  velocity  at  D  is  20  miles  per  hour,  and  therefore  13  D'  = 
14.05;  the  grade  of  C  D  is  1.0  per  cent   and  therefore  D  D"  =  18 
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feet,  and  J)"  D'  =  27.05  feet;  the  virtual  grade  (J  D'  is  therefore 
2.08  per  cent  instead  of  the  actual  1.0  per  cent  and  these  figures 
represent  the  actual  ratio  of  the  drawbar  pulls  at  the  engine. 

To  be  more  precise,  the  virtual  grade  C  D'  will  not  be  a  uni- 
form grade  as  shown  in  the  figure  but  will  be  a  curved  line  which 
will  be  steeper  at  the  beginning  of  the  grade  on  account  of  the 
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Fig.  159. 

increased  resistance  to  traction  when  starting.  This  is  somewhat 
compensated  by  the  fact  that  the  tractive  force  of  the  engine  is 
greater  at  the  very  low  velocities  It  requires,  however,  a  little 
margin  for  safety. 

The  fact  that  the  engine  can  increase  its  velocity  from  zero  to 
20  miles  per  hour  in  that  distance  and  on  that  grade  shows  that  it 
is  capable  of  doing  much  more  than  run  its  train  up  the  1.0  per 
cent  grade  at  a  speed  of  20  miles  per  hour.  In  fact,  unless  the 
power  is  reduced  when  the  train  reaches  D,  the  train  will  continue 
to  gain  velocity.  '  If  resistance  were  independent  of  velocity,  the 
train  would  continue  to  gain  indefinitely  assuming  that  the  grade 
continued  uniform.  But  practically,  when  the  velocity  had  in- 
creased to  a  much  higher  figure,  the  resistances  would  increase 
until  even  the  added  power  could  not  further  increase  the  velocity. 

From  all  the  above  it  may  be  inferred  that 

(<?)  When  the  velocity  is  uniform,  the  virtual  profile  is  par- 
allel with  the  actual  profile. 

(/>)  When  the  velocity  is  increasing,  the  profiles  are  separa- 
ting; when  it  is  decreasing  they  are  approaching  each  other. 

(c)     AVhen  the  velocity  is  zero  the  profiles  coincide. 
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{(I)  The  virtual  grade  at  any  place  is  a  measure  of  the  work 
required  of  the  engine  beyond  that  required  to  overcome  merely 
the  tractive  resistances.  If  it  is  horizontal  it  shows  that  the  en- 
gine is  doing  nothing  beside  overcoming  the  tractive  resistances. 
If  it  is  upward  and  is  uniform,  as  in  Fig.  158,  it  shows  that  it  is 
working  uniformly  and  is  storing  in  the  train  "  potential  "  energy 
which  may  be  utilized  on  the  return  trip  if  it  is  not  utilized  in 
moving  down  a  succeeding  down  grade.  If  it  is  downward  (as  from 
B'  to  C,  Fig.  159)  it  shows  that  the  train  is  giving  up  kinetic 
energy,  probably  consuming  the  most  of  it  in  brakes,  but  utilizing 
some  of  it  to  furnish  the  tractive  power  to  run  from  B  to  C  and 
also  to  overcome  the  grade  from  B  to  C. 

185.  Use,  Value,  and  Possible  Misuse  of  Virtual  Profiles. 
It  has  been  previously  shown  that,  aside  from  securing  the  maxi- 
mum traffic,  the  most  important  accomplishment  for  the  locating 
engineer  is  to  obtain  low  ruling  grades.  At  the  same  time  the 
cost  for  grading  must  be  kept  as  low  as  possible  without  sacrificing 
the  more  important  elements.  The  grade  B  D  in  Fig.  158  is  an 
example  of  the  possibility  of  introducing  a  grade  which  is  much 
steeper  than  the  ruling  grade,  provided  that  it  is  not  so  long  that 
the  kinetic  energy  in  the  train  at  the  bottom  of  the  grade  shall  not 
be  exhausted  before  it  reaches  an  easier  grade,  and  also  provided 
that  no  heavy  trains  shall  ever  be  compelled  to  stop  on  that  grade. 
Herein  lies  the  danger  and  the  possible  misuse  of  this  method. 

A  grade  might  be  laid  out  substantially  as  shown  in  Fig.  158^ 
with  the  intention  of  running  all  heavy  trains  up  that  grade  with- 
out stopping.  Later  another  railroad  might  require  and  make  a 
grade  crossing  at  or  near  C,  which  would  occasionally  require  that 
trains  shall  stop  at  the  crossing,  and  such  loaded  trains  would  be 
unable  to  start  again-st  such  a  grade,  especially  since  the  tractive 
resistance  to  starting  is  so  much  greater  than  the  resistance  at 
ordinary  speeds.  The  chief  value  of  such  a  method  lies  in  the  fact 
that  it  enables  the  engineer  to  determine  the  actual  demand  on  the 
locomotive,  as  it  is  affected  by  the  velocity  of  the  train.  The 
"undulatory"  profile  shown  in  Fig.  158  will  probably  be  much 
cheaper  to  construct  than  the  uniform  grade  A  E  which  would 
involve  a  fill  at  B  and  a  cut  at  D.  The  method  of  a  virtual  profile 
will  show  at  once  whether  such  a  profile  at  that  place  will  Ije  a 
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])ermissible  way  of  economizing  in  spite  of  the  fact  that  it  intro- 
duces a  1  per  cent  grade  which  is  perhaps  higher  than  the  ruling 
grade.  Many  of  the  "improvements  of  old  lines"  which  are  de- 
scribed later  depend  on  this  process  for  their  solution. 

For  example,  a  grade  which  may  have  always  been  harm- 
less and  unnoticed  suddenly  becomes  important  when  it  becomes 
desirable  or  necessary  to  require  all  heavy  trains  to  stop  at  some 
point  on  it;  such  a  case  as  is  sketched  in  Fig.. 159.  The  above 
method  indicates  how  such  a  problem  may  be  investigated.  The 
grade  C  D'  of  course  becomes  the  critical  grade,  but  under  given 
conditions  the  virtual  profile  will  show  the  demand  on  the  locomo- 
tive. Examples  of  this  will  be  given  later.  Undulatory  grades 
have  the  advantage  of  decreasing  the  cost  of  construction  and  of 
being  harmless  under  given  conditions,  but  there  are  some 
dangers.  C  D  E  in  Fig.  158  is  called  a  "  hump  "  in  the  grade. 
In  the  numerical  case  given  it  is  only  4.8  feet  and  would  be 
harmless  under  almost  any  conditions,  but  if  it  were  considerably 
more,  and  if  a  train  when  passing  C  had  a  velocity  much  less  than 
20  miles  per  hour,  it  might  become  stalled  before  reaching  the 
summit  of  the  hump. 

Slippery  rails  or  a  strong  head  wind  may  so  increase  the 
resistances  against  which  a  train  works  that  if  the  computed 
margin  of  velocity  head  at  the  top  of  a  hump  is  made  too  small  it 
may  be  entirely  overcome  and  the  train  may  be  stalled  before  it  is 
safely  over  the  hump.  A  velocity  of  10  miles  per  hour,  which 
corresponds  to  a  velocity  head  of  only  3.51  feet  is  the  least  margin 
that  should  be  safely  allowed.  This  is  also  partly  due  to  the  fact 
that  when  the  velocity  becomes  much  less  than  ten  miles  per  hour 
the  resistances  per  ton  increase,  and  as  the  velocity  drops  very  low 
they  increase  very  rapidly  and  the  law  on  which  the  above  calcula- 
tions are  based  becomes  inoperative.  Another  danger  is  that  a 
sag  may  be  so  deep  that  trains  will  acquire  an  excessive  velocity 
when  passing  through  it  unless  brakes  are  applied.  This  of  course 
does  not  mean  that  the  sag  must  not  be  used.  It  simply  means 
that  the  sag  will  cause  a  waste  of  energy  in  brakes,  a  waste  which 
must  afterward  be  made  up  by  increased  work  from  the  locomo- 
tive. This  is  of  course  one  of  the  cases  which  requires  computa- 
tion, by  methods  which  follow,  to  determine  whether  or  to  what 
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extent  the  sag  is  justifiable  so  that  the  two  items  of  increased  first 
cost  and  increased  operating  expenses  shall  be  made  a  minimum. 
For  example,  a  freight  train  may  approach  a  sag  with  a  veloc- 
ity of  20  miles  per  hour.  Its  velocity  head  is  therefore  14.05 
feet.  If  the  sag  at  its  lowest  point  is  40  feet  lower  than  the 
imaginary  grade  line  on  which  the  train  could  have  run  without 
changing  its  velocity  (the  grade  A  B'  in  Fig.  158)  then  the  veloc- 
ity head  of  the  train  at  the  bottom  of  the  sag  would  be  54.05  feet 
which  corresponds  to  a  speed  of  39.2  miles  per  hour.  Although 
this  is  a  permissible  speed  with  freight  trains  which  are  equipped 
with  air  brakes  and  automatic  couplers,  it  is  approaching  the  limit, 
and  there  might  be  some  local  conditions  which  would  render  even 
this  speed  through  the  sag  inadvisable. 

186.  Problems.  1.  If  a  train  is  running  uniformly  along 
a  level  grade  at  a  speed  61  35  miles  per  hour  and  reaches  a  1.2  per 
cent  up  grade,  how  far  up  the  grade  could  it  run  before  its  speed 
is  reduced  to  10  miles  per  hour  ? 

Velocity  head  for  35  miles  per  hour  =  43.01  feet 
Velocity  head  for  10  miles  per  hour  =    3.51  feet 

Permissible  increase  in  elevation        =  39.50   feet 
Distance  from  bottom  of  grade  =  39.50  -r-  .012  =  3,292  feet. 

2.  At  what  speed  may  a  train  approach  a  sag  28  feet  below 
the  normal  grade  line  so  that  its  maximum  speed  at  the  bottom  of 
the  sag  shall  not  exceed  36  miles  per  hour  ? 

At  36  miles  per  hour  the  velocity  head  =  45.51  feet 
Subtracting  the  depth  of  the  sag  =  28.00  feet 

The  permissible  velocity  is  that  due  to  17.51  feet  and  = 
22.3  m.  per  h. 

MINOR  GRADES. 

187.  Basis  of  Cost.  As  in  the  method  of  computing  the 
additional  cost  of  curvature,  we  compute  the  rate  of  grade  which 
will  double  the  tractive  resistance,  and  then  compute  the  effect  of 
this  on  all  the  items  of  the  cost  of  a  train  mile.  While  the  resist- 
ance to  grade  is  a  perfectly  precise  mathematical  quantity,  ordinary 
tractive  resistance  on  a  level  track  depends  on  the  velocity,  the 
number  and  character  of  the  cars,  the  physical  condition  of  their 
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wheel  treads,  aiid  the  condition  of  the  rails,  as  well  as  many  other 
minor  causes.  But  as  an  average  figure  we  may  say  that  for  ordi- 
nary train  velocities  the  train  resistance  may  be  considered  as  10 
pounds  per  ton.  But  this  is  the  grade  resistance  on  a  0.5  per  cent 
orrade,  or  a  grade  of  26.4  feet  per  mile.  On  this  basis  the  total 
resistance  on  a  0.5  per  cent  grade  will  be  just  double  the  resistance 
on  a  level.  We  may  compute  as  before  the  effect  on  operating 
expenses  of  doubling  the  work  done  by  the  locomotive.  But  this 
added  cost  will  be  the  cost  of  lifting  the  train  26.4  feet  in  one 
mile.  If  we  divide  the  extra  cost  of  a  mile  of  0.5  j)er  cent  grade 
by  26.4  we  will  have  the  added  cost  of  one  foot  of  elevation.  Then, 
since  it  is  assumed  that  the  grade  has  no  limiting  effect  on  trains, 
the  cost  of  one  foot  of  difference  of  elevation  will  be  independent 
of  the  rate  of  grade,  except  as  noted  later. 

188.  Classification  of  Minor  Grades.  Even  the  minor 
grades  have  varying  effects  on  the  operation  of  trains  which  are 
sharply  defined  and  which  have  varying  effects  on  the  operating 
expenses.  Under  the  conditions  named  in  the  problem  in  §184, 
Fifif.  158,  the  variations  in  m'ade  are  harmless  since  it  is  assumed 
that  they  do  not  cause  any  variation  in  the  drawbar  pull.  But 
it  will  frequently  happen  that  a  hump  or  sag  that  will  be  harmless 
for  a  light  fast  passenger  train  will  have  a  very  serious  effect  on  a 
heavy  freight  train  which  always  runs  at  slow  speed  and  which 
therefore  never  has  an  opportunity  to  accumulate  any  great  excess 
of  kinetic  energy  which  may  assist  it  over  a  hump  of  any  magnitude. 
We  will  therefore  consider  as  Class  A  all  fluctuations  of  grade 
which  are  so  slight  that  they  have  no  effect  on  the  running  of 
trains  except  a  slight  variation  of  the  velocity.  One  of  the  practi- 
cal limitations  of  Class  A  is  the  maximum  depth  of  a  sag  rather 
than  the  actual  grade.  If  the  depth  of  the  sag  is  so  great  that  even 
with  a  slow  approach  to  it,  the  velocity  at  the  bottom  will  be  too 
great  for  safety,  and  steam  must  be  shut  off  and  brakes  must  be 
applied,  then  the  sag  cannot  belong  to  Class  A. 

Class  B  is  an  intermediate  class  in  which  the  loss  due  to  o-rade 
is  not  so  severe.  A  .down  grade  of  0.5  per  cent  will  keep  a  train 
running  indefinitely  without  steam  power.  If  steam  is  used  on 
such  a  grade  the  speed  would  increase  until  it  would  become  ex- 
cessive if  the  grade  were  long       Therefore  in  running  down  such 


833 


252  RAILROAD  ENGINEERING 


a  grade,  steam  would  generally  be  shut  off.  One  disadvantage  of 
this  lies  in  the.  fact  that  some  fuel  will  be  consumed  even  then, 
and  it  is  more  economical  to  have  the  locomotive  working  uni- 
formly, provided  its  work  may  be  stored  upas  kinetic  energy  which 
can  be  utilized  in  climbing  the  succeeding  up  grade.  Such  a  grade 
alsa  means  that  the  tractive  effort  when  returning  up  that  grade 
will  be  at  least  twice  the  required  pull  on  a  level.  The  loss  in  this 
case  is  not  so  serious;  there  is  no  actual  waste  of  energy  in  brakes, 
and  the  loss  consists  chiefly  in  an  inability  to  utilize  the  power  of 
the  locomotive  to  the  best  advantage. 

Class  C  includes  grades  which  are  so  steep  or  so  long  that 
brakes  must  be  applied  in  descending.  This  also  means  that  the 
power  required  for  ascending  will  be  excessive.  In  this  case  there 
is  not  only  a  waste  of  energy  which  has  been  developed  by  the 
locomotive,  but  there  is  also  the  added  expense  of  wear  of  brake 
shoes  and  of  wheel  tires  (due  to  the  action  of  the  brakes),  and  even 
some  extra  wear  and  tear  on  the  rolling  stock  due  to  the  extra 
stresses,  and  also  the  extra  w^ear  of  rails. 

The  only  possible  practical  application  of  the  following  com- 
putations lies  in  the  comparison  of  two  proposed  routes  between 
points  at  a  greater  or  less  distance  apart.  The  simplest  case  is  that 
of  a  mere  hump  or  sag  in  comparison  with  a  uniform  grade  be- 
tween the  given  points.  If  the  distance  between  the  points  is  very 
great  so  that  the  character  of  the  alignment  of  the  two  routes  is 
very  different,  although  any  differences  in  distances  or  curvature 
should  in  any  case  be  computed  separately,  it  may  be  difficult  to 
properly  classify  the  effect  of  the  differences  of  grade  of  the  two 
lines.  The  following  cases  will  only  consider  the  simple  cases  of 
sags  and  humps.  In  each  case  there  is  involved  an  up  grade  and 
a  down  grade  (virtually  if  not  actually)  and  we  must  compute  the 
effect  of  both  on  the  passage  of  any  one  train  and  then  this  is 
multiplied  by  two  to  compute  the  effect  for  each  daily  round  trip 
of  a  train. 

189,  Effect  on  Operating  Expenses  of  a  Hump  or  a  Sag. 
As  before,  such  a  very  large  proportion  of  the  items  of  the  cost  of 
a  train  mile  are  unaffected  that  the  simplest  plan  will  be  to  throw 
out  first  the  unaffected  items.  Of  the  items  of  maintenance  of 
way  items  4  to  10  can  be  at  once  thrown  out. 
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Item  1:  A  very  large  proportion  of  the  sub-items  are  evi- 
dently  unaffected;  the  wear  of  ties  and  rails  is  somewhat  affected 
when  the  grade  is  excessive,  but  even  this  is  somewhat  compensated 
by  the  improved  drainage  of  the  track.  Therefore,  no  allowance 
is  made  for  Class  B  and  only  5  per  cent  is  allowed  for  Class  C. 

Item  2 :  Itail  wear  on  grades  is  noticeably  greater  than  on  a 
level.  This  is  partly  due  to  the  use  of  sand,  but  is  also  due  to  some 
other  cause  which  is  not  very  clear,  since  the  rails  on  the  down 
crrade  of  a  double- track  road  are  found  to  be  badly  worn.  The 
skidding  of  wheels,  if  such  were  permitted,  would  account  for  it, 
but  this  is  usually  carefully  guarded  against.  But  since  it  is  an 
undoubted  fact  allowance  must  be  made  for  it.  An  allowance  of 
5  per  cent  is  made  for  Class  B  and  10  per  cent  for  Class  C. 

Item  3 :  Considering  the  compensation  of  better  drainage  on 
a  track  having  a  slight  grade,  no  increase  in  the  cost  of  tie  renewals 
is  made  for  Class  B  and  only  5  per  cent  is  allowed  for  Class  C. 

Maintenance  of  equipment.  All  items  are  at  once  cut  out 
except  those  of  actual  repairs  to  rolling  stock.  Even  here  a  very 
large  proportion  of  the  sub-items  shonld  evidently  be  cut  out.  The 
increase  will  be  chiefly  on  account  of  an  increase  in  wheel  and 
brake-shoe  wear,  with  a  possible  addition  for  drawbar  gear,  and 
also  some  addition  for  locomotive  repairs  due  to  additional  work 
on  the  grades.  A  very  large  proportion  of  even  these  sub-items  is 
dne  to  the  effects  of  stopping  and  starting,  curvature,  straight  level 
pulling,  etc.,  and,  therefore,  it  is  not  surprising  that  Wellington, 
after  an  exhaustive  investigation,  cut  down  these  items  to  1  per 
cent  for  Class  B  and  4  per  cent  for  Class  C. 

•Conducting  transportation.  All  items  except  the  various 
locomotive  supplies  are  immediately  cut  out.  It  was  shown  in 
J^174  that  about  55  per  cent  of  the  fuel  consumption  was  due  to 
straight  hauling  on  a  tangent.  But  since  the  grade  here  considered 
is  assumed  to  be  that  which  will  exactly  double  the  resistance  on  a 
straight  level  tangent,  we  will  add  55  per  cent  for  the  grade.  But 
we  must  here  compute  the  cost  of  both  the  rise  and  the  fall.  In 
Class  B,  although  the  steam  is  shut  off,  heat  is  wasted  by  mere 
radiation,  which  has  been  shown  to  be  responsible  for  about  5  per 
cent  of  the  total  consumption;  for  Class  C  we  must  allow  5  per 
cent  extra  for  the  extra  energy  spent  in  applying  brakes;  this  makes 
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60  per  cent  for  Class  B  and  65  per  cent  for  Class  C.  There  is  but 
little  error  in  assuming  that  items  23,  24  and  25  will  be  affected 
similarly.     General  expenses  will  be  unaffected. 

Table  XVIII  in  which  these  items  are  collected  shows  that 
the  percentage  of  increase  for  operating  26.4  feet  of  rise  and  fall 
will  be  6.92  and  8.71  for  Classes  B  and  C  respectively.  As  before 
we  may  call  these  cents  and  then  say  that  the  cost  per  foot  will  ])e 
0.262  cents  and  0.330  cents.  For  each  daily  train  each  way  the 
cost  per  year  will,  be 

For  Class  B:         2  X  365  X  $0.00262  =  |1.91 
For  Class  C:         2  X  365  X  W.00330  -=  |2.41 

TABLE  XVIII. 
Effect  on  Operating   Expenses  of  26.4    Feet  of   Rise  and    Fall. 


Item  (abbreviated)  * 

Normal 
average 

Class  B. 

Class  C. 

No. 

Per  cent 
affected 

Cost 
per  mile 

Per  cent 
affected 

Cost 
per  mile 

1 

Roadway 

Rans 

10.779 
1.442 
8.060 
5.924 

0 
5 
0 
0 

0 

.07 

0 

0 

5 
10 
5 
0 

.54 
.14 

8 

Ties 

.15 

4-10 

Bridges,  buildings  . . . 
Maintenance  of  way . . 

0 

21.205 



.07 

0 
4 
4 
4 
4 
0 

.83 

11 
13 
13 
14 
15 
1<)-19 

Superintendence ..... 
Repairs,  locomotives 

,  pass,  cars  .. 
"      ,  freight  cars. 

.work  cars... 
Mi-scellaneous  ....... 

Maintenance  of  equip. 

.631 
6.258 
2.318 
7.048 

.188 
1.300 

0 

1 
1 
1 
1 
0 

0 

.06 

.'>3 

.(»T 

0 

0 

I 

.09 

.38 

.01 

0 

17.643 

— 

.15 



.63 

20 
21 

Superintendence  .... 
Enginemen 

1.759 

9.640 

9.949 

.619 

.373 

.193 

34.163 

0 
0 
60 
60 
60 
60 

0 

0 

0 

5.97 

.39 

.22 

.13 

0 

C 
0 
&5 
65 

&5 

0 

0     - 
0 

22 

Fuel 

6.47 

23 

Water 

.43 

24 

Oil.  etc 

.34 

25 
26-46    • 

Other  supplies 

Train  and  station  ser- 
vice, switchmen,  etc. 

.13 
0 

Conducting  transport 

56.724 

■ 

6.70 

7.35 

47-53 

General  expenses  . . . .  |       4 .  428 

0 

— 

0 

0 

0 

1     100.000 

6.92 

8.71 

*  For  full  title  of  item  see  Table  XIV. 


190.  Numerical  Example.  Assume  the  data  as  sketched  in 
Fig.  160.  If  a  freight  train  moving  to  the  right  passes  the  point 
B  at  a  velocity  of  15  miles  per  hour,  it  will  have  a  velocity  head 
of  7.90  feet.  Even  if  the  engine  were  only  doing  sufficient  work 
to  keep  it  moving  on  a  level  track,  it  will  have  gained  in  velocity 
head  the  full  amount  of  the  vertical  drop  from  B  to  C  by  the  time 
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it  reaches  C.  Its  velocity  head  will 
then  be  84.7  feet  which  corresponds 
to  a  velocity  of  over  49  miles  per 
hour  which  is  plainly  inadmissible. 
Assume  that  steam  is  shut  off  at  B. 
Then,  on  the  basis  that  tractive  force 
requires  a  grade  of  0.5  per  cent,  we 
may  consider  that  the  1.2  per  cent 
grade  is  a  0.7  per  cent  down  grade 
which  the  train  passes  without  any 
tractive  resistance.  On  this  basis  the 
virtual  fall  from  B  to  C  is  32.0  feet, 
and  the  velocity  head  at  the  point  0 
would  be  39.90,  which  corresponds 
to  a  velocity  of  33.7  miles  per  hour. 
This  may  or  may  not  be  a  permissible 
velocity,  but  considering  that  even 
this  grade  is  followed  by  a  0.7  per 
cent  grade  on  which  the  velocity 
would  increase  still  further,  it  is 
evident  that  brakes  would  be  neces- 
sary on  some  trains  if  not  on  all. 

The  possible  limiting  effect  on  the 
length  of  trains  moving  to  the  left 
of  the  grade  C  B  is  a  distinct  mat- 
ter and  must  be  here  ignored.  But 
it  is  evident  that  unless  a  train  is 
moving  at  a  speed  of  over  30  miles 
per  hour  or  else  is  working  much 
harder  than  is  required  for  a  0.7  per 
cent  grade,  it  would  not  have  suffi- 
cient velocity  head  to  carry  it  over 
the  summit  at  B.  On  the  above 
basis  per  foot  the  cost  per  daily  train 
each  way  per  year  will  be 

32.0  X  $1.91  =  $01.12 
for  all  trains  of  Class  B.  and 
32.0  X  $2.41  =  $77.12 
for  all  trains  of  Class  C. 
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Classifying  all  the  trains  on  the  road,  we  may  say  that  there 
are  some  light  passenger  trains  which  may  be  permitted  to  run  at 
such  speed  that  this  grade  may  be  considered  harmless  and  there- 
fore for  them  it  may  be  considered  as  belonging  to  Class  A.  As- 
sume that  there  are  four  other  trains  for  which  it  must  be  con- 
sidered as  belonging  to  Class  B  and  six  others  for  which  we  must 
consider  it  as  Class  C.     Then  we  have 

$61.12  X  4  =  $244.48 
77.12  X  0  =    462.72 


Total  annual  value  =  $707.20 

This  represents  a  capitalized  value,  at  5  per  cent,  of  $14,144. 
■  Considering  for  the  sake  of  an  approximate  value  that  the  sections 
were  level  and  that  a  cut  was  to  be  made  20  feet  wide  at  the  base 
and  with  slopes  of  1.5  :  1,  the  cutting  necessary  to  reduce  the  grade 
to  the  line  A  B'  C  would  be  about  296,000  cubic  yards.  Unques- 
tionably $14,000  will  not  pay  for  this  excavation,  but  when  it  is 
considered  that  the  quantity  of  earthwork  required  for  any  depth 
of  cutting  increases  almost  as  the  square  of  the  depth  and  that  a 
cut  of  half  the  depth  may  be  made  by  the  excavation  of  perhaps 
only  one-third  of  the  earthwork,  it  is  possible  that  enough  could 
be  cut  from  the  summit  B  to  change  the  classification  of  the  grades, 
that  the  hump  could  be  made  so  slight  that  it  would  not  be  worse 
than  Class  B  for  any  train  and  would  be  Class  A  (or  harmless)  for 
nearly  all  the  trains.  An  advantage  of  this  method  of  work  lies  in 
the  facility  for  selecting  various  plans  and  computing  the  elfect  of 
each  on  the  operation  of  trains. 

The  chief  difficulty  with  the  above  method  of  computation 
lies  in  the  classification  of  the  grades,  or  in  the  assumption  of  the 
extent.of  the  improvement  accomplished  by  the  change.  It  is  con- 
ceivable that  a  hump  or  sag  might  be  removed  and  yet  the  grade 
as  left  would  have  all  the  characteristics  of  Class  C.  But  even  in 
such  a  case,  an  improvement  has  certainly  been  made;  a  very  bad 
condition  has  been  improved  even  though  it  is  still  serious.  It  is 
therefore  justifiable  to  consider  that  the  value  of  the  improvement 
may  l)e  measured  as  above  even  if  the  basis  is  somewhat  changed. 
As  before,  it  is* not  a  question  of  close  accuracy,  but  of  developing 
a  l^asis  of  computations  which  approaches  the  truth  and  which  may 
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be  made  still  more  accurate  by  a  closer  study  of  the  conditions. 

RULING  GRADES. 

19L  Definition.  Ruling  grades  are  those  which  limit  the 
length  or  weight  of  trains  which  may  be  hauled  by  a  single  engine. 
They  are  not  necessarily  the  steepest  nominal  grades  on  the  road, 
for  we  have  already  seen  that  a  momentum  grade  may  be  much 
steeper  and  yet  not  affect  the  admissible  weight  of  a  train.  Another 
exception  is  a  "pusher  grade,"  on  which  it  is  designed  that  all  heavy 
trains  shall  be  assisted  by  extra  engines.  This  condition  req^uires 
separate  calculation  which  will  be  given  later;  it  involves  extra  ex- 
pense, but  has  no  greater  effect  on  limiting  trains  than  the  cor- 
responding  grade  for  one  engine,  and  of  course  all  pusher  grades 
are  so  designed  that  the  corresponding  grade  for  a  single  engine 
shall  not  exceed  the  ruling  grade.  In  general,  an  engineer  knows 
that  the  ruling  grade  must  be  made  as  low  as  the  general  financial 
character  of  the  enterprise  and  the  general  character  of  the  country 
will  permit. 

By  their  very  nature,  the  following  calculations  are  only 
applicable  to  the  improvement  of  lines  already  built  or  to  the 
change  of  plans  which  have  already  been  made  and  thoroughly 
developed.  In  either  case,  the  best  and  cheapest  line  for  a  given 
ruling  grade  having  been  determined,  additional  surveys  will 
develop  the  fact  that  an  additional  expenditure  of  so  much  will 
permit  a  certain  reduction  in  the  ruling  grade.  To  put  it  in 
figures,  the  ruling  grade  of  the  existing  road  or  of  the  proposed 
route  is  1.4  per  cent ;  the  existing  traffic  is  10  trains  per  day  each 
way  which  will  be  affected  by  the  rate  of  the  ruling  grade;  it  is 
found  possible  by  an  expenditure  of  $50,000  to  reduce  the  rate  of 
the  ruling  grade  to  1.2  per  cent.  Will  it  pay?  The  method  of 
answering  this  question  will  be  developed  in  the  following  sections. 

192.  Determination  of  the  Rate  of  the  Ruling  Grade.  Many 
railroads  have  been  constructed  without  any  preliminary  considera- 
tions of  limiting  grade.  The  road  was  laid  out  where  convenient, 
the  cuts  and  fills  limited  by  some  vague  ideas  as  to  the  maximum 
which  is  thought  desirable,  but  without  apparent  regard  for  the 
resulting  grade.  The  logical  result  would  be  some  one  maximum 
grade  at  one  place  and  a  gradually  increasing  number  of  lesser 
grades.  Since  in  such  a  case,  all  one-engine  train  loads  arc 
limited  by   the   oi)e   maximum   grade,  there   is  usually  an    uo- 
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questionable  policy  in  cutting  down  this  one  grade  to  the  limit  of 
the  next  lower  grade.  If  there  are  several  cases  of  the  next  lower 
grade,  all  must  be  lowered  if  at  all.  Each  successive  lowering 
involves  a  larger  number,  and  usually  a  limit  to  practicable  reduc- 
tion of  grade  is  soon  reached  unless  a  very  radical  change  in  the 
whole  route  is  considered.  The  determination  of  the  proper  rate 
for  the  ruling  grade  requires  the  best  judgment  of  an  experienced 
engineer.     A  general  outline  of  the  method  is  as  follows: 

The  determining  points  of  the  route  are  first  selected  and 
their  relative  elevation  and  their  distance  apart  is  obtained.  The 
ratio  of  these  figures  for  any  stretch  gives  a  first  approximation  of 
the  through  grade.  The  most  unfavorable  stretch  is  then  studied 
to  see  whether  the  grade  may  be  reduced  there  by  development. 
When  some  one  place  is  very  much  worse  than  any  other  place, 
the  best  solution  may  be  at  once  obtained  by  operating  this  one 
grade  as  a  pusher  grade  and  then  reducing  all  other  grades  to  the 
corresponding  through  grade.  It  may  thus  be  seen  that  there  are 
infinite  possibilites  in  the  selection  of  a  ruling  grade,  in  the 
routes  which  must  be  followed  in  order  to  obtain  such  grades,  and 
in  the  amount  of  money  which  may  profitably  be  spent.  When 
the  choice  has  narrowed  down  to  two  routes  with  two  limits  of 
grade,  the  better  of  which  will  cost  a  definite  sulu  more  than  the 
other,  then  the  advisability  of  spending  the  extra  sum  may  be 
investigated  as  will  be  developed. 

193.  Maximum  Train  Load  on  any  Grade.  The  load  which 
any  locomotive  may  haul  up  a  grade  is  absolutely  limited  by  the 
weight  on  the  drivers.  The  adhesion  of  the  drivers  to  the  rails 
depends  somewhat  on  the  condition  of  the  rails,  whether  wet  or 
dry,  and  is  also  modified  by  the  use  of  sand.  One-third  is  about 
the  maximum  adhesion  obtainable  and  ev^en  this  can  hardly  be 
depended  on.  Under  very  unfavorable  conditions  the  adhesion 
will  drop  to  one-fifth  and  even  less,  but  by  the  use  of  sand  an 
adhesion  of  one-fourth  can  always  be  obtained  and  this  can 
generally  be  relied  on  as  the  adhesion  unaided  by  sand.  There- 
fore this  value  will  be  used.  The  net  load  behind  an  engine  is 
the  difference  between  the  (jroi^s  load  which  can  be  hauled  by  a 
given  weight  on  the  drivers  and  the  w^eight  of  the  engine  itself, 
The  almost  infinite  variety  of  weights  and  proportions  of  locomo 
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tives  makes  it  impracticable  to  tabulate  the  hauling  capacity  of 
every  variety  of  locomotive,  but  in  Table  XIX  are  given  the 
figures  for  several  locomotives  which  may  be  considered  as  typical 
of  American  practice  for  both  narrow  and  standard  gauge. 

For  example,  the  '*  consolidation  "  engine  given  in  the  last 
line  of  the  table  has  a  weight  on  the  drivers  of  181,200  pounds. 
At  one- fourth  adhesion  the  tractive  force  is  45,300.  If  we 
assume  6  pounds  per  ton  as  the  tractive  resistance  on  a  level,  the 
total  resistance  on  a  1.0  per  cent  grade  will  be  6-|-20  pounds  or 
20  pounds.  Dividing  45,300  by  20  we  have  1,742,  the  total  pos- 
sible weight  of  the  train  in  tons.     This  is  the  gross  load.     The  net 

TABUE  XIX. 

Tractive   Power  of   Various  Types  of    Locomotives  at  Various 

Rates  of  Adhesion. 


Kind. 

Gauge. 

Total  weight  of 

engine  and 

tender. 

Weight 

of  engine 

only 

Weight 

on 
drivers. 

Tractive  power  when 
rate  of  adhesion  is 

lb. 

tons. 

i 

-A 

1 
5 

American 

Mogul  ........ 

Nar. 

49.000 
80.000 
8L000 

24.5 

40 

40.5 

32,000 
49.000 
51.000 

22,000 
32.000 
42,000 

5.500     1       4.950 
8.000     1       7.200 
10,500            9,450 

4,400 
6.400 
8,400 

10- wheel 

Consolidation 

".' 

87,000 
62.000 
144.000 

43.5 

31 

72 

55.000 
39.000 
94,000 

42,000 
34.000 
84.000 

10.500     !       9.450 
8.500            7.650 
21.000     ;     18.900 

8.400 
6.800 
16.800 

American  ... 
•Chautauqua'" 
Mogul   

Stand. 

104.000 
314.600 
206.000 

52 

157.3 
103 

62,000 
190,600 
126,000 

40.000 
99,400 
106,400 

10.000 
24.850 
26.600 

9.000 
22,36.5 
23,940 

8,000 
19.880 
21.280 

10-wheel  

Consolidation 

276.000 
214.000 
324.800 

138 
107 
162.4 

176.510 
120.000 
204,800 

127.010 
106.000 
181.200 

31.752 
26.500 
45,300 

28.577 
23.850 
40.770 

25.402 
21.200 
36.240 

load  is  1,742  —  162.4  =  1,579.0  tons.  If  this  train  was  made  up 
entirely  of  100,000- pound  capacity  cars,  weighing  when  loaded 
134,000  pounds  or  67  tons,  the  train  could  consist  of  23  cars  and 
have  38  tons  left  over  for  the  caboose  and  for  margin.  By  a  very 
simple  application  of  the  above  figures,  the  great  advantage  of  a 
reduction  of  grade  is  readily  seen.  If  the  grade  were  cut  down  to 
0.85  per  cent,  a  reduction  of  less  than  8  feet  in  a  mile,  the  total 
tractive  resistance  would  be  reduced  to  23  pounds  per  ton.  This 
would  increase  the  net  tonnage  by  228  tons,  which  is  more  than 
the  weight  of  three  of  the  50-ton  cars,  or  an  increase  of  over  14 
per  cent. 


341 


260 


RAILROAD  ENGINEERING 


Table  XX  is  very  useful  in  these  computations.  It  shows 
in  the  two  parallel  columns  the  relations  between  grades  in  "rate 
per  cent"  and  "feet  per  mile."     Then,  on  the  mathematical  basis 

TABLE  XX. 
Total  Train  Resistance  Per  Ton  (of  20(K)  Pounds)  on 
Various  Grades. 


Wheu  tractive  re- 

When tractive  resistance 

Grade. 

sistance  on  a  level 

Grade. 

On  a  level  in  pound 

■5 

in  pounds  per  ton  is 

per  ton  is 

Rate 

Feet 

1 

Rate 

Feet 

per 

per 

6 

8 

9 

10 

1      per 

per 

6 

7 

8 

9 

10 

cent. 

mile. 

cent. 

mile. 

0.00 

0.00 

6 

7 

8 

9 

10 

2.00 

105.60 

46 

47 

48 

49 

50 

.05 

2.64 

7 

8 

9 

10 

11 

.05 

108.24 

47 

48 

49 

50 

51 

.10 

5.28 

8 

9 

10 

11 

12 

.10 

110.88 

48 

49 

50 

hi 

52 

.15 

7.92 

9 

10 

11 

12 

13 

.15 

113.52 

49 

50 

51 

52 

53 

.20 

10.56 

10 

11 

12 

13 

14 

.20 

116.16 

50 

51 

52 

53 

54 

0.25 

13.20 

11 

12 

13 

14 

15 

2.25 

118.80 

51 

52 

53 

54 

55 

.30 

15.84 

12 

13 

14 

15 

16 

.30 

121.44 

52 

53 

54 

55 

56 

.35 

18.48 

13 

14 

15 

16 

17 

.35 

124.08 

53 

54 

55 

56 

57 

.40 

21.12 

14 

15 

16 

17 

18 

.40 

126.72 

54 

55 

56 

57 

58 

.45 

23.76 

15 

16 

17 

18 

19 

.45 

129.36 

55 

56 

57 

58 

59 

0.50 

26.40 

16 

17 

18 

19 

20 

2.50 

132.00 

56 

57 

58 

59 

60 

.55 

29.04 

17 

18 

19 

20 

21 

..55 

134.64 

57 

58 

59 

60 

61 

.60 

31.68 

18 

19 

20 

21 

22 

.60 

137.28 

58 

59 

60 

61 

62 

.65 

34.32 

19 

20 

21 

22 

23 

.65 

139.92 

59 

60 

61 

62 

63 

.70 

36.96 

20 

21 

22 

23 

24 

.70 

142.56 

60 

61 

62 

63 

64 

0.75 

39.60 

21 

22 

23 

24 

25 

2.75 

145.20 

61 

62 

63 

64 

65 

.80 

42.24 

22 

23 

24 

25 

26 

.80 

147.84 

62 

63 

64 

65 

66 

.85 

44.88 

23 

24 

25 

26 

27 

.85 

150.48 

63 

64 

&5 

66 

67 

.90 

47.52 

24 

25 

26 

27 

28 

.90 

153.12 

64 

65 

66 

67 

68 

0.95 

50.16 

25 

26 

27 

28 

29 

.95 

155.76 

r)5 

66 

67 

68 

69 

1.00 

52.80 

26 

27 

28 

29 

30 

3.00 

158.40 

66 

67 

68 

69 

70 

.05 

55.44 

27 

28 

29 

30 

•31 

.05 

161.04 

67 

68 

69 

70 

71 

.10 

58.08 

28 

29 

30 

31 

32 

.10 

163.68 

68 

69 

70 

71 

72 

.15 

60.72 

29 

30 

31 

32 

33 

.15 

166.32 

69 

70 

71 

72 

73 

.20 

63.. 36 

30 

31 

32 

33 

34 

.20 

168.96 

70 

71 

72 

73 

74 

1.25 

66.00 

31 
32 

32 
33 

33 
34 

34 
35 

35 
36 

3.25 
.30 

171.60 

71 

72 

73 

74 

75 

.30 

68.64 

174.24 

72 

73 

74 

75 

76 

.35 

71.28 

33 

34 

35 

36 

37 

.35 

17rt.88 

73 

74 

75 

76 

77 

.40 

73.92 

34 

35 

36 

37 

38 

.40 

179.52 

74 

75 

76 

77 

78 

.45 

76.56 

35 

36 

37 

38 

39 

.45 

182  16 

75 

76 

77 

78 

79 

1.50 

79.20 

36 

37 

38 

39 

40 
41 

3.50 

184.80 

76 

77 

78 

79 

80 

.55 

81.84 

37 

38 

39 

40 

4.00 

211.20 

86 

87 

88 

89 

90 

.60 

84.48 

38 

39 

40 

41 

42 

4.50 

237.60 

96 

97 

98 

99 

100 

.65 

87.12 

39 

40 

41 

42 

43 

5.00 

261.00 

106 

107 

108 

107 

110 

.70 

89.76 

40 

41 

42 

43 

44 

5.50 

290.40 

116 

117 

118 

119 

120 

1.75 

92.40 

41 
42 

42 
43 

43 
44 

44 
45 

45 
46 

6.00 

316.80 

126 

127 

128 

129 

130 

.80 

95.04 

6.50 

343.20 

136 

137 

138  • 

139 

140 

.85 

97.68 

43 

44 

45 

46 

47 

7.00 

369.60 

146 

147 

148 

149 

15) 

.90 

100.32 

44 

45 

46 

47 

48 

8.00 

422.40 

166 

167 

168 

169 

170 

1.95 

102.96 

45 

46 

47 

48 

49 

9.00 

475.20 

186 

187 

188 

189 

190 

2.00 

105.60 

46 

4fi 

48 

49 

50 

10  00 

528.00 

206 

207 

208 

209 

210 

that   the  grade   resistance   per  ton   of   2000  pounds  on  any  grade 
equals   20  times  the  rate  of  grade  in  per  cent,  the  total  resistance 
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in  pounds  per  ton  is  found  by  adding  to  the  grade  resistance 
0,  7,  8,  9  or  10  })Ounds  per  ton  according  to  the  basis  used.  By 
dividing  tbe  total  train  resistance  in  pounds  per  ton  into  the  total 
adhesive  force  of  the  drivers  we  have  the  gross  weight  of  the 
train. 

Examples.  1.  What  will  be  the  total  tractive  resistance  on 
a  1.85  per  cent  grade,  that  on  a  level  being  8  pounds  per  ton  ^ 
Ans.     35  pounds. 

2.  How  much  of  a  load  can  a  standard -gauge  mogul  engine 
(as  given  in  Table  XIX)  draw  up  a  0.95  per  cent  grade,  assuming 
a  rate  of  adhesion  of  -£^  and  a  tractive  resistance  on  a  level  of  8 
pounds  per  ton?  Ans.  Tractive  power,  23,940;  tractive  resist- 
ance per  ton,  27  pounds;  gross  load  =  23,940  -f-  27  =  887  tons; 
net  load  =:=  887-103  =  784  tons. 

To  solve  problems  for  engines  not  given  in  Table  XIX,  use 
the  general  rule:  The  maximum  load  behind  an  engine  on  any 
grade  may  be  found  by  multiplying  the  weight  on  the  drivers  by 
the  ratio  of  adhesion  and  dividing  this  by  the  sum  of  the  grade  and 
tractive  resistances  per  ton;  this  gives  the  gross  load,  from  which 
the  weight  of  the  engine  and  the  tender  must  be  subtracted  to  find 
the  net  load. 

194.  Proportion  of  Traffic  Affected  by  the  Ruling  Grade. 
The  ruling  grade  is  that  which  limits  the  length  of  trains.  There 
are  many  roads  which  do  not  have  a  traffic  so  large  that  any  of  their 
trains  are  absolutely  limited  by  their  weight.  This  is  especially 
true  of  passenger  trains,  since,  as  before  stated,  it  is  wise  to  increase 
the  number  of  trains  on  light  traffic  roads  as  soon  as  the  traffic  will 
permit,  and  before  the  trains  get  crowded,  so  as  to  encourage  traffic 
by  the  increase  in  facilities.  It  is  perhaps  true  that  on  most  roads 
the  passenger  trains  are  altogether  unaffected  by  the  rate  of  the 
ruling  grade;  /.  c,  it  would  be  possible,  so  far  as  the  engine  is 
concerned,  to  add  one  more  passenger  car  to  the  train  without  stall- 
ing the  train  on  any  grade.  The  same  statement,  is  generally  true 
with  respect  to  the  local  freight  trains,  especially  when  the  traffic 
is  so  small  that  mixed  trains  are  run. 

In  computing  the  saving  by  reducing  the  ruling  grade,  it  must 
also  be  considered  that  even  though  there  are  some  passenger  trains 
which  run  as  many  cars  as  one  engine  may  haul,  a  reduction  in 
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grade  would  not  be  utilized  by  reducing  the  iiuiuber  of  passenger 
trains  to  handle  a  mven  number  of  cars.  The  reduction  in  the 
traffic  facilities  would  react  too  seriously  on  the  passenger  traffic. 
Therefore  the  only  advantage  which  could  be  claimed  for  the  pas- 
senger traffic  from  a  reduction  of  the  rate  of  the  ruling  grade  would 
be  just  those  advantages  which  result  from  the  reduction  of  any 
grade,  the  reduction  in  fuel  consumed,  or  the  possible  increase  in 
speed,  etc.,  advantages  which  are  apart  from  the  limiting  effect  of 
the  grades.  The  limiting  effect  also  applies  only  to  traffic  in 
one  direction,  or  at  least  the  grades  and  traffic  in  the  other  direc- 
tion are  wholly  separate  matters. 

As  discussed  later,  the  ruling  grades  in  the  two  directions  may 
or  may  not  be  equal.  The  only  favorable  effect  that  the  reduction 
of  any  ruling  grade  can  have  on  traffic  moving  in  the  opposite  direc- 
tion is  a  slight  saving  in  the  use  of  brakes,  the  amount  of  which 
is  so  insignificant  that  it  may  be  ignored,  especially  as  it  has  abso- 
lutely no  relation  to  the  matter  of  limiting  the  train  length.  There- 
fore it  is  generally  true  that  except  on  heavy  traffic  roads  the  only 
trains  to  be  affected  by  the  rate  of  the  ruling  grade  are  those  which 
handle  freight  in  car-load  lots.  This  applies  to  all  trains  which 
are  special  in  character  such  as  coal  trains,  ore  trains,  and  all  those 
who  handle  sucli  a  bulk  of  any  one  product  that  the  cars  are  loaded 
to  their  full  capacity  and  the  cars  are  grouped  into  trains  according 
to  the  engine  capacity.  Such  conditions  are  the  most  favorable 
for  economic  operation  as  it  insures  the  minimum  of  cost  for  the 
handling. of  a  given  volume  of  traffic. 

In  the  following  calculations  on  the  saving  by  reducing  the 
ruling  grade  the  character  of  tlie  traffic  must  be  closely  studied, 
and  although  short  light  passenger  trains  should  not  be  included, 
care  should  be  taken  that  a  fair  estimate  should  be  made  regarding 
the  medium  weight  trains. 

195.  Cost  of  an  Additional  Train.  The  gross  receipts  for 
handling  a  given  volume  of  traffic  is  a  definite  grotjs  amount  whether 
it  requires  one  train  or  two,  four  trains  or  five.  The  cost  of  running 
a  train  one  mile  is  approximately  a  constant  quantity  whether  the 
train  is  heavy  or  light.  If  the  cost  were  exactly  constant,  the  saving 
in  operating  expenses  would  be  strictly  in  proportion  to  the  num- 
ber of  trains  saved.     Assuming  a  given  amount  of  freight  to  be 
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handled,  or  rather  that  a  given  number  of  cars  are  to  be  handled, 
how  much  will  be  saved  by  handling  them  in  nine  trains  rather 
than  ten,  or  four  rather  than  five,  or  sixteen  rather  than  twenty? 
To  put  it  the  other  way,  what  will^be  the  extra  cost  of  one  additional 
train?  Xote  that  the  total  number  of  cars  to  be  handled  is  the 
same.  The  additional  cost  is  that  of  running  an  extra  engine 
under  the  given  circumstances. 

Maintenance  of  way.  Since  the  number  of  cars  using  the 
tracks  is  the  same,  any  additional  wear  and  tear  on  the  track  is 
that  due  to  the  extra  engine.  It  is  estimated  that  about  25  per 
cent  of  the  expenses  of  repairs  of  roadway  (item  1)  vary  with  the 
tonnaore.  It  is  also  estimated  that  a  locomotive,  on  account  of  the 
greater  concentrated  weight  on  its  drivers,  is  responsible  for  50 
per  cent  of  track  repairs,  in  spite  of  the  much  greater  gross  tonnage 
of  the  cars.  On  this  basis,  50  per  cent  of  25  per  cent,  or  12.5  per 
cent,  is  allowed  for  item  1,  and  50  per  cent  for  all  other  items  ex- 
cept 5  and  7,  which  may  be  considered  as  unaifected. 

Maintenance  of  equipment.  Whether  the  higher  or  lower 
ruling  grade  be  chosen,  the  trains  are  supposed  to  be  loaded  to  the 
maximum  capacity  of  the  engine  on  the  ruling  grades.  But  when 
the  heavier  ruling  grade  is  chosen,  the  trains  are  correspondingly 
lighter  and  therefore  the  stress  on  the  engine  on  all  lighter  grades, 
which  may  constitute  90  per  cent  of  the  w^hole,  will  be  much  less. 
Although  the  engine  repairs  on  the  extra  engine  used  would  be  as 
much  as  any  of  the  others,  the  saving  on  all  by  the  reduction  of 
their  work  on  the  easier  grades  would  accumulate  to  quite -a  ficrure. 
The  saving  on  each  engine  would  evidently  be  greater  when  four 
is  increased  to  five  than  when  nineteen  is  increased  to  twenty.  But 
the  accumulated  saving  for  one  engine  would  be  approximately  a 
constant,  which  has  been  estimated  as  20  per  cent,  or  the  net 
addition  to  the  cost  of  engine  repairs  for  the  additional  eno-ine 
would  be  only  80  per  cent  of  the  average  charo-e. 

On  a  similar  basis  there  is  a  saving  in  car  repairs,  but  since 
the  number  of  cars  used  is  oonstant,  it  produces  an  actual  savino- 
which  must  be  tabulated  negatively.  The  average  drawbar  pull 
-will  be  less,  and  this  form  of  repairs  will  evidently  be  less,  and  the 
stresses  due  to  stopping  and  starting  will  be  less  with  a  correspond- 
ing reduction  in  such  repairs.     This  has  been  computed  to  amount 
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to  -5  per  cent  for  passenger  cars  (item  13)  and  -10  per  cent  for 
freight  cars  (item  14).  Items  15  and  19  will  evidently  be  but 
little  affected  if  at  all,  and  therefore  no  allowance  will  be  made  for 
them. 

Conducting  Transportation.  Items  20,  21,  26  to  32,  35  to 
37,  45  and  46  are  to  be  considered  as  varying  directly  as  the  mile- 
age and  100  per  cent  is  allowed  on  all  those  items.  While  there 
is  some  reason   for  considering  that  some  portion  of  some  of  the 

TABLE  XXI. 
Cost  of  an  Additional  Train  to  Handle  a  Given  Traffic. 


No. 

Item  (abbreviated) 

Normal 
average. 

Per  cent, 
affected. 

Cost  In 
per  cent. 

1 

Roadway 

10.779 

6.992 
.557 

2.096 
.256 
.525 

12.5 

50 
0 

50 

0 

50 

1.35 

2-4 

Rails,  Ties.  Bridges ,  etc. 

3.50 

5 

Fences,  etc 

0 

6 

Buildings,  etc. 

1  05 

7 

Docks  and  wharves 

0 

8-10 

Miscellaneous 

.26 

Maintenance  of  way 

21.205 

6.16 

11 

Superintendence 

.631 
6.258 

2.218 
7.048 
1.488 

17.643 

0 

80 

—  5 

—10 

0 

0 

12 

Repairs  —  locomotives  

5.01 

13 

—  passenger  cars 

—  .11 

14 

~ freight  cars  ........ ^ 

—  .70 

15-19 

Miscellaneous . 

0 

Maintenance  of  equipment 

4.20 

20 

Supei-intendence  

1.759 
9.640 
11.162 
23.481 
2.200 
1.848 
5.439 
1.195 

56.724 

100 
100 
75 
100 

0 
100 

0 
100 

1.76 

21 

Enginemen  

9.64 

22-25 

Fuel,  etc 

8.37 

26  32 

Train  and  station  service,  etc 

23.48 

33-34 

Car  mileage.  Hire  of  equipment            

0 

35-37 

Damages,  etc 

1.85 

38-44 

Miscellaneous 

0 

45-46 

Stationery,  and  other  expenses ... 

1.20 

Conducting  transportation   . . 

46.30 

47-53 

General  Expenses 

4.428 

0 

0 

100.000 

56.66 

Items  varies  in  accordance  with  the  ton  mileage  rather  than  with 
the  train  mileage,  the  effect  of  this  will  be  very  slight  and  will 
2ompensate  for  a  slight  increase  in  other  small  items  on  which 
nothing  has  been  allowed.  Engine  supplies  (items  22  to  25)  will 
increase  nearly  as  the  mileage,  but  there  will  be  a  saving  on  the 
consumption  on  each  engine  for  the  same  reason  as  stated  for  item 
12.  The  engines  will  use  less  fuel  and  water  while  running  over 
the  easier  grades  of  the  road.  This  saving  has  been  computed  as 
25  per  cent  of  the  consumption  by  a  single  locomotive,  or  the  net 
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itioii  to  the  total  consumed  by  the  use  of  the  extra  engine  would 
be  75  per  cent  of  the  average  charge.  Car  mileage  (item  33)  and 
hire  of  equipment  (item  34)  will  be  unaffected;  also  items  38  to  44. 
The  general  expenses  are  of  course  unaffected. 

As  before,  we  may  consider  this  percentage  of  cost  as  cents 
per  mile.  But  there  is  the  additional  charge  for  the  capital  cost 
of  the  extra  engine.  The  cost  of  maintenance  repairs  and  renewals 
is  included  in  the  above  estimate,  but  the  total  first  cost  divided 
by  its  estimated  mileage  life  should  be  added  for  each  mile  run. 
Locomotives  cost 'any where  from  $5,000  to  $15,000,  but  consider- 
ing $10,000  as  an  average  figure  and  the  mileage  life  as  800,000 
miles,  this  makes  an  extra  charge  of  1.25  cents  per  mile,  or  a  total 
of  57.91  cents,  which  we  may  call  58  cents. 

196.  Numerical  Example.  A  road  is  being  operated  with 
ruling  grades  of  1.80  per  cent  (95.04  feet  per  mile).  There  are 
six  daily  freight  trains  and  two  daily  passenger  trains  which  are 
affected  by  the  rate  of  the  ruling  grade.  Surveys  have  proved  the 
feasibility  of  reducing  the  ruling  grade  to  1.45  per  cent  by  an  ex- 
penditure of  $300,000.  Will  it  pay  ?  The  engines  used  on  freight 
work  are  "consolidation  "  engines  of  the  type  mentioned  in  Table 
XIX,  weighing  214,000  pounds,  with  106,000  pounds  on  the  driv- 
ers;  when  the  ratio  of  adhesion  is  -£^,  the  tractive  force  is  23,850; 
with  a  tractive  resistance  on  a  level  of  8  pounds  per  ton,  the  total 
resistance  on  the  1.8  per  cent  grade  is  44  pounds  per  ton  and  the 
gross  load  per  train  is  23,850  -r-  44,  or  542  tons,  and  the  net  load 
is  435  tons.     The  six  freight  trains  can  therefore  handle  2,610  tons. 

Although  it  was  said  that  two  passenger  trains  are  affected  by 
the  ruling  grade,  it  would  be  manifestly  impracticable  and  unwise 
to  cut  down  the  number.  To  them  the  reduction  of  the  grade  can 
only  be  utilized  to  increase,  if  necessary,  the  number  of  cars  in  a 
train  to  handle  a  hoped-for  increase  in  traffic.  But  such  a  prob- 
lem is  outside  of  the  present  computations  and  therefore  we  must 
ignore  the  passenger  trains  except  to  consider  that  such  trains  have 
l)een  helped  and  their  expenses  reduced,  but  that  the  reduction  of 
expense  is  outside  of  a  limiting  effect  such  as  is  considered  in  this 
problem.  On  the  1.45  per  cent  grade  the  total  tractive  resistance^ 
when  that  on  a  level  is  8  pounds,  is  37  pounds  per  ton.  The  gross 
load  for  those  same  engines  =  23,850  -f-  37  =  645  tons;  the  net 
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load  is  538  tons  which  is  something  over  one-lifth  of  the  2,010  tons 
of  the  other  calculation.  This  shows  that  the  reduction  in  grade 
will  permit  the  hauling  of.  the  same  (and  even  a  little  greater) 
traffic  in  five  trains  instead  of  six.  If  the  division  is  100  miles 
long,  the  annual  saving  would  be 

100  X  305  X  0.58  =  |21,170. 

Capitalized  at  5  per  cent,  this  equals  $423,400.  Since  the 
work  could  be  done  for  $300,000,  it  would  evidently  be  justifiable 
to  do  it,  if  the  necessary  capital  can  be  raised,  for  the  computed 
annual  saving  does  not  include  the  advantages  of  the  grade  reduc- 
tion to  the  two  heavy  passenger  trains  referred  to  above,  nor  to  the 
considerable  number  of  lighter  trains  which  will  run  on  that  grade, 
l^or  does  it  consider  the  fact  that  the  traffic  of  almost  any  road  will 
grow  and  that  the  advantages  are  directly  proportional  to  the  traffic. 
If  during  the  next  fifteen  or  twenty  years  the  traffic  doubles  (as  is 
not  unlikely),  the  advantages  are  proportionately  greater. 

PUSHER  GRADES. 

197.  General  Principles  of  Their  Economy.  It  frequently 
happens  that  the  natural  line  of  a  road  incKudes  a  few  grades  which 
are  considerably  higher  than  all  other  grades.  These  higher  grades 
may  be  practically  hopeless,  because  a  material  reduction  in  them 
would  cost  more  than  it  is  worth,  or  more  than  the  general  financial 
condition  of  the  road  can  afford.  A  common  error  is  to  consider 
such  a  grade  as  the  ruling  grade  and  then  recklessly  permit,  at  any 
other  place  on  the  road,  the  adoption  of  any  grade  less  than  this 
on  the  ground  that  it  could  never  limit  the  operation  of  trains. 
But  in  such  cases,  it  mm/  be  easily  practicable  to  operate  the  high- 
er grades  with  a  pusher  engine  and  cut  down  all  lesser  grades  to 
such  a  rate  of  grade  that  the  "  through"  engine  can  haul  as  many 
cars  on  them  as  two  engines  can  haul  on  a  pusher  grade.  The 
economy  underlying  the  method  may  be  seen  by  a  simple  illustra- 
tion which  is  freed  from  all  details. 

Assume  that  on  a  division  100  miles  long  there  are  two  grades 
of  five  miles  each  on  which  pusher  engines  are  to  be  used;  as- 
sume that  the  grades  on  the  other  90  miles  are  so  low  that  one 
engine  may  haul  as  many  cars  on  them  as  two  engines  can  haul  on 
the  pusher  grades;  then  by  using  pusher  engines  the  weight  of  all 
heavy  trains  may  be  doubled  and  the  heavy  freight  may  be  handled 
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ill  half  as  maiiv  trains.  But  this  economy  is  effected  at  the  cost 
of  operating  the  pusher  engines.  Using  single  engines  for  the 
whole  trip,  it  will  require  200  engine  miles  to  haul  a  double  load. 
But  a  single  engine  can  haul  the  double  load  over  90  miles  of  the 
run,  and  the  same  engine  with  one  pusher  can  haul  it  up  the  heavy 
crrades.  Each  pusher  engine  will  travel  10  miles  on  each  grade, 
or  twenty  miles  for  the  two,  and  the  total  number  of  engine  miles 
for  a  double  load  will  be  120,  instead  of  200.  And  when  it  is  con- 
sidered that  the  cost  of  a  pusher  engine  mile  is  far  less  than  that 
of  an  ordinary  train  mile  (as  wall  be  shown),  the  advantages  of 
the  method  are  still  more  marked. 

Of  course  the  full  economy  of  the  method  is  only  realized 
when  the  maximum  through  grade  bears  its  proper  relation  to  the 
pusher  grade.  If  the  maximum  through  grade  is  greater  than  its 
proper  corresponding  value  for  the  pusher  grade,  then  the  number 
of  cars  is  limited  by  that  through  grade  and  the  power  of  the 
pusher  engine  is  not  completely  utilized  on  the  pusher  grade. 
Economy  of  operation  requires  that  an  engine  should  work  nearly 
to  the  limit  of  its  capacity  for  as  large  a  portion  of  the  time  as 
possible,  and  therefore  when  a  heavy  engine  is  compelled  to  haul  a 
light  train  over  nine-tenths  of  the  route  in  order  that  there  shall  be 
sufficient  power  on  the  other  tenth,  w^here  alone  it  is  needed,  it  in- 
dicates a  lack  of  economy  in  the  design.  It  now"  becomes  necessary 
to  develop  the  proper  relation  between  through  and  pusher  grades. 

198.  Balance  of  Grades  for  Pusher  Service.  This  will  be 
easiest  understood  by  a  numerical  problem.  Suppose  that  at  two 
or  three  places  on  the  line  it  seems  impracticable  to  obtain  at  a 
reasonable  expense  a  less  grade  than  2.10  per  cent  (nearly  111  feet 
per  mile).  But  since  it  seems  practicable  to  make  a  very  much 
lower  grade  elsewhere,  we  will  compute  the  corresponding  through 
grade  as  the  grade  to  w-ork  for.  Assume  that  the  through  and 
pusher  engines  are  alike  and  that  they  are  the  kind  given  in  Table 
XIX,  consolidation  type,  w^eighing  214,000,  with  106,000  on  the 
drivers.  With  -^^  adhesion  the  tractive  power  is  23,850,  and 
when  the  tractive  resistance  on  a  level  is  8  pounds,  the  total  resist- 
ance on  the  2.10  per  cent  grade  is  50  pounds  per  ton. 

The  gross  load  for  a  single  engine  is  477  tons  and  the  net 
load  is  870  tons.     Two  such  engines  could  handle  740  tons  on  tha*" 
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grade.  If  that  net  load  were  to  be  hauled  by  a  single  engine,  the 
gross  load  would  be  847  tons.  Dividing  the  tractive  power  (28,850) 
by  the  gross  load  (847)  we  have  28.1  as  the  possible  tractive  force 
per  ton.  But  under  the  same  conditions  as  above  this  is  the  force 
required  on  a  1.0  percent  grade,  which  is  therefore  the  correspond- 
ing through  grade,  or  the  rate  to  which  all  minor  grades  should 
be  reduced.  This  may  likewise  be  considered  the  ruling  grade  of 
the  road,  the  2.10  per  cent  grade  being  equally  a  ruling  grade  using 
a  pusher.  Sometimes,  although  rarely,  two  pusher  engines  are  used. 
This  requires  the  solution  of  the  proportional  pusher  grade  for  one 
pusher  and  the  proportional  through  grade.  A  justification  for 
this  policy  in  the  above  case  w^ould  be  the  fact  that  although  many 
of  the  grades  could  not  with  reasonable  expenditure  be  reduced 
much  under  1.5  per  cent,  a  very  large  proportion  of  the  road  could 
])e  kept  at  less  than  0.7  per  cent.  The  precise  determination  is  as 
follows : 

Tractive  power  of  three  engines  =  3  X  23850  =  71,550  lbs. 

Kesistance  on  2.10  per  cent  grade  =  8  +  (20  X  2.1)  =  50 
pounds  per  ton. 

71550  -^  50  =  1431  =  gross  load  in  tons. 

1431  —  (3  X  107)  ===  1110  =  net  load  in  tons. 

1110  -f  (2  X  107)  =^  1324  =  gross  load  in  tons  on  the  one- 
pusher  grade. 

Tractive  power  of  two  engines  =  2  X  23850  =  47,700  lbs. 

47700  -^  1324  =  36.03  =  possible  tractive  force  in  pounds 
per  ton. 

(36.03  —  8)  -f-  20  =  1.40%  =  permissible  grade  for  one 
pusher. 

1110  +  107  =  1217  =  gross  load  on  the  through  grade. 

Tractive  power  on  one  engine  =  23,850  pounds. 

23850  -f-  1217  =  19.60  =  possible  tractive  force  in  pounds 
per  ton. 

(19.60  —  8)  -f-  20  -=  0.58%  =  permissible  through  grade. 

It  should  at  once  be  realized  that  under  the  assumed  condi- 
tions, which  are  perfectly  normal,  the  above  combination  of 
through,  one-pusher,  and  two-pusher  grades  are  precisely  what 
would  be  required  and  that  each  one  is  equally  a  limiting  grade 
under  the  conditions.     But  those  relative  grades  are  mathematical! j 
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precise  only  for  that  particular  type  of  engine  and  for  that  partic- 
ular ratio  of  track  adhesion  and  that  particular  normal  track  resist- 
ance. Fortunately  the  variations  are  not  great.  A  storm  would 
increase  the  resistance  and  would  probably  decrease  the  adhesion 
by  making  tne  rails  slippery.  Although  this  would  materially 
reduce  the  train  load,  it  may  be  demonstrated  that  these  variations 

TABLE  XXII. 
Balanced  Grades  for  One,  Two,  and  Three  Engines. 

Scu{/«.— Through  and  pusher  engines  alike;  consolidation  type:  total  weight,  107 
tons;  weight  on  drivers.  ."j3  tons;  adhesion.  4»,,  giving  a  tractive  force  for  each  engine  of 
23,850  lb. ;  normal  track  resistance,  6,  (also  8)  lb.  per  ton. 


Track  resistance,  6  lb. 

Track  resistance,  8  lb. 

Through 
grade. 

Net  load 

for  one 

engine  in 

tons  (:jOOO 

lb.). 

Corre-sponding 

pusher  grade  for 

same  net  locui. 

Net  load 

for  one 

engine  in 

tons  (2000 

Corresponding 

pusher  grade  for 

same  net  locuL 

One 
pusher. 

Two 
pushers. 

lb.). 

One 
pusher. 

Two 
Ijushers. 

Level. 
Per  cent. 
0.10 
0.20 
O.DO 
0.40 

3868  tons 
2874     •' 
2278     '* 
1880     " 
1596    " 

Per  cent. 
0.28 
0.47 
0.66 
O.&i 
1.02 

Percent. 
0.55 
0.82 
1.08 
1.33 
1.57 

2874  tons 
2278     •• 
1880     •• 
1596     •• 
13»4    " 

Per  cent. 
0.37 
0.56 
0.74 
0.92 
1.09 

Per  cent. 
0.72 
0.98 
1.23 
1.47 
1.70 

0-50 
0.60 
0.70 
0.80 
0.90 

1384     ' 
1218     •• 
1085     '■ 
977     •' 
887     " 

1.19 
1.37 
1..J4 
1.70 
1.87 

1.80 
2.02 
2.24 
2.46 
2.66 

1218     " 
1085    •' 
977    '• 
887     - 
810     ■' 

1.27 
1.44 
l.<50 
1.77 
1.93 

1.92 
2.14 
2.36 
2.56 
2.76 

1.00 
1.10 
1.30 
1.30 
1.40 

810     •• 
745     •• 
688    " 
638     " 
594     " 

2.03                     2.86 
2.19                     3  06 
2.34                     3.25 
250                     3.43 
2.65                     3.61 

745     " 
688     •• 
638     " 

m   ■■ 

555     •• 

2.09 
2.24 
2.40 
2.55 
2.70 

2.96 
3.15 
3.33 
3.51 
3.68 

1.50 
1.60 
1.70 
1.8C 
1.90 

555     •'         1          2.80 
521     •'         1          2.95 
489    •'                   3.09 
461     '•         1          3.23 
435     •'         1          3.37 

3.78 
3.9.1 
4.12 
4.27 
4.43 

521       • 
489     •• 
461     •' 
435     " 
411     " 

2.85 
2.99 
3.13 
3.27 
3.42 

S.So 
4.02 
4.17 
4.33 
4.49 

2.(K) 
2.10 
2.20 
2.30 
2.40 
2.50 

411     "                   3.52 
-m.'     '■                   3.(55 
370     "                    3.78 
3.52     "         I           3.91 
3a5     "                  4.04 
319     "                  4.17 

4.,59 
4.73 
4.88 
5.02 
5.15 
5.29 

390     •• 
370    " 
3nl     ■' 
335     " 
319     " 
304     " 

3.55 
3.68 
3.81 
3.94 
4.07 
4.20 

4.63 
4.78 
4.92 
5.05 
5.19 
5.32 

would  have  opposite  effects  in  altering  the  ratios,  and  therefore 
that  the  ratio  of  through  to  pusher  grade  would  remain  substanti- 
ally the  same. 

A  variation  in  the  type  of  engine  and  in  the  ratio  of  total 
weight  to  weight  on  the  drivers  will  also  alter  the  ratio  of  through 
and  pusher  grades,  hut  a  table  such  as  Table  XXII  computed  for 
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a  consolidation  engine  will  serve  very  well  for  almost  any  con- 
solidation engine.  Such  a  table  will  do  for  preliminary  computa- 
tions, especially  when  the  road  is  not  yet  constructed  and  the 
precise  weight  of  the  engines  is  still  unknown.  For  the  recon- 
struction of  an  old  line,  a  table  similar  to  Table  XXTI  should  be 
compiled,  based  on  the  most  exact  and  reliable  data  obtainable  for 
the  particular  case.  The  table  is  derived  in  precisely  the  same 
manner  as  the  case  worked  out  above. 

Example,  Assume  a  through  grade  of  60  feet  per  mile 
(=  1.14  per  cent),  what  is  the  corresponding  one  pusher  grade  ? 
Interpolating  in  Table  XXII,  we  find  that  when  the  normal  track 
resistance  is  6  pounds  per  ton,  we  find  a  net  load  of  about  722  tons 
and  a  pusher  grade  of  2.25  per  cent.  If  the  track  resistance  was 
increased  to  8  pounds  per  ton,  the  maximum  load  would  be  reduced 
to  6G8  tons,  and  the  corresponding  pusher  grade  becomes  2.30  per 
cent.  The  difference  is  only  0.05  per  cent  or  less  than  3  feet  per 
mile.  It  may  seem  anomalous  that  an  increase  in  resistance  would 
permit  a  higher  pusher  grade,  but  this  is  due  to  the  fact  that  the 
computed  net  load  is  much  less — so  much  less  that  a  larger  pro- 
portion of  the  tractive  energy  is  available  for  overcoming  grade. 

199.  Operation  of  Pusher  Engines.  Economy  in  pusher 
engine  work  demands  that  the  schedule  of  trains  be  so  arranged 
that  the  pusher  engine  can  be  kept  constantly  at  work.  If  there 
are  several  short  pusher  grades  separated  by  several  miles  of  level 
track,  it  either  means  that  a  pusher  engine  must  be  assigned  to 
each  grade,  where  there  may  not  be  enough  work  to  keep  it  busy,  and 
therefore  its  daily  cost  divided  by  its  engine  mileage  is  abnormally 
large,  or  else  it  must  travel  uselessly  over  some  intervening 
stretches  of  level  track  in  order  to  be  at  hand  when  wanted.  Even 
the  time  table  of  the  trains  must  be  arranged  with  reference  to  the 
pusher  service  so  that  there  will  not  be  an  accumulation  of  traffic 
at  the  pusher  grades  at  certain  hours,  with  nothing  to  do  at  other 
times.  The  locating  engineer  has  no  concern  with  the  operation 
of  trains,  but  he  should  bunch  the  pusher  grades  if  possible,  even 
spending  a  little  additional  money  for  it  if  necessary. 

On  very  light  traffic  roads,  where  the  trains  are  so  few  that 
the  method  does  not  interfere  with  the  schedule,  a  pusher  grade 
may  be  operated  by  a  single  engine,  by  taking  half  of  the  train  up 
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lirst,  leaving  it  on  a  switch,  and  then  returning  after  the  other 
half.  This  means  slow  time  (which  a  very  poor  road  can  afford); 
it  means  a  saving  of  the  cost  of  the  extra  engine,  and  also  the  com- 
paratively costly  maintenance  of  it  if  the  total  amount  of  pusher 
work  is  very  light.  Such  a  road  is  probably  not  blessed  with  an 
excess  of  traffic  except  during  a  small  part  of  the  year,  and  the 
cost  and  maintenance  of  a  useless  pusher  for  a  large  part  of  the 
year  is  thereby  saved.  But  it  should  be  noted  that  even  if  it  is 
expected  to  follow  this  policy,  it  does  not  make  the  slightest  dif- 
ference in  the  design  of  the  pusher  grades  or  in  the  ratio  of  through 
to  pusher  grades. 

Another  possible  method  of  economizing  on  pusher  service, 
especially  on  light  traffic  roads,  w^here  a  pusher  grade  begins  or 
ends  near  a  station  yard  which  is  so  large  that  a  switching  engine 
is  necessary  for  at  least  part  of  the  day,  is  to  combine  the  switch- 
ing and  pusher  work.  A  little  ingenuity  in  planning  the  schedule 
will  thus  enable  the  pusher  engine  to  utilize  its  whole  time  in 
useful  work. 

200.  Length  of  a  Pusher  Grade.  The  true  length  which 
must  be  considered  in  the  following  calculations  is  always  some- 
what in  excess  of  the  length  of  the  actual  grade  as  measured  on 
the  profile.  Although  it  is  sometimes  possible,  by  having  the 
pusher  engine  approach  the  train  from  behind,  to  accomplish  its 
work  without  stopping  the  train  either  at  the  top  or  bottom  of  the 
grade,  yet  this  requires  an  extra  length  of  track  and  a  considera- 
bly extra  mileage  on  the  part  of  the  pusher  engine.  For  passenger 
service  the  assistant  engine  is  always  placed  in  front,  and  although 
it  is  practicable  to  uncouple  the  assistant  engine  at  the  top  of. the 
grade,  run  it  ahead  at  increased  speed,  run  it  on  a  siding  and  again 
clear  the  main  track  without  stopping  the  train,  it  is  usually  neces- 
sary to  stop  the  train  at  the  bottom  to  couple  on.  Increased  mile- 
age is  necessary  for  this.  The  stoppage  and  restarting  of  a  heavy 
train  uses  upas  much  energy  as  would  carry  the  train  several  miles 
and  therefore  an  increased  run  by  the  pusher  engine  is  justifiable 
if  it  will  save  stopping  the  train.  A  siding  at  or  near  the  bottom 
and  top  of  the  grade  (and  also  a  telegraph  office)  is  a  convenience 
and  almost  a  necessity  for  the  quick  and  safe  operation  of  pusher 
grades,  and  while  they  must  be  clear  of  the  grade  it  is  sometimes 
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more  convenient  to  remove  them  some  distance  from  the  ends  of 
the  grade.  Each  case  is  a  separate  problem,  but  the  length  to  be 
used  in  the  following  calculations  must  always  be  the  actual  run  of 
the  pusher  engine,  which  will  be  somewhat  in  excess  of  the  actual 
length  of  the  pusher  grade  as  shown  on  the  profile. 

201.  Cost  of  Pusher  Engine  Service.  The  cost  depends 
partly  on  the  work  done  by  the  engine  and  partly  on  mere  time. 
The  wages  of  the  enginemen  must  be  paid  on  a  per  diem  ba#is 
rather  than  on  a  mileage  basis,  and  if  the  engine  does  not  run 
many  revenue  miles,  the  cost  for  the  miles  it  does  run  is  increased. 
The  items  of  maintenance  of  way  will  evidently  be  increased  in  the 
same  proportion  as  was  computed  in  §195  for  the  additional  cost 
of  another  engine.  The  only  item  in  maintenance  of  equipment 
to  be  affected  is  that  of  engine  repairs,  for  which  we  must  allow 
the  full  100  per  cent.  The  wages  of  enginemen,  the  cost  of  all 
engine  supplies,  the  w^ages  of  switchmen,  etc.,  and  the  expenses  of 
telegraphing  will  all  be  increased  in  their  full  proportion,  but  it  is 
difficult  to  see  how  any  of  the  other  items  can  be  increased  except 
in  special  cases.  Collecting  the  items  for  which  a  charge  is  made, 
we  have  Table  XXIII. 

TABLE  XXIII. 
Items  of  the  Cost  Per  Mile  of  Operating  a  Pusher  Engine. 


No. 

Item  (abbreviated). 

Normal 
average. 

Per  cent 
affected. 

Cost  per  engine 
mile,  percent. 

J 

Repairs  of  roadway 

10.779 
6.992 
2.096 
..52.5 
6.258 
9.640 

11.162 
4.0.57 
i.906 

12.5 

50 

50 

50 
100 
100 
100 
100 
100 

1  35 

2-4 
6 

Rails,  Ties,  Bridges,  etc 

Buildings,  etc. 

3  ,50 
1  05 

8-10 

Miscellaneous 

26 

12 

21 

Repairs  of  locomotives 

Enginemen 

6.26 
9  04 

22-25 

Engine  supplies .... 

11  16 

28 

Switchmen,  etc 

4  06 

29 

Telegraph  expenses 

1.91 

Total 

39.19 

As  before,  we  will  consider  this  percentage  as  cents  per  mile, 
but  we  must  add  1.25  cents  per  mile  to  allow  for  the  capital  cost. 
This  makes  a  total  of  40.44:  cents  per  engine  mile.  But  since 
each  pusher  engine  must  run  two  miles  to  do  one  mile  of  pusher 
engine  service,  we  may  say  that  each  mile  of  pusher,  grade  will 
cost  80.88  cents  (say  81)  for  each  train  assisted. 

202.     Numerical  Problem.     In  §196  is  given  the  j)roblem  of 
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a  road  with  ruling  grades  of  1.80  per  cent  which  could  be  reduced 
to  1.45  per  cent  grades  at  an  expenditure  of  $300,000.  This  would 
permit  the  hauling  of  six  train  loads  with  five  engines.  An 
alternative  solution  is  here  suggested  for  discussion.  Assume 
that  the  1.8  per  cent  grades  occur  along  two  stretches  having 
"pusher  grade  lengths"  (see  §*200)  of  7  miles  and  8  miles.  From 
Table  XXII  we  see  that  the  through  grade  corresponding  to  a  one- 
pusher  grade  of  1.8  per  cent,  track  resistance  6  pounds,  is  0.86 
per  cent.  Assume  that  it  is  found  that  all  the  other  grades  (out- 
side of  the  pusher  grade  stretches)  can  be  reduced  to  this  limit  of 
0.86  per  cent  by  an  expenditure  of  $200,000.  How  will  this  plan 
compare  with  the  other?  This  will  at  once  permit  cutting  down 
those  six  trains  to  three.  The  saving  on  one  train  is  $21,170,  and 
on  three  is  $63,510.  But  this  is  only  accomplished  by  using 
pusher  engines  on  fifteen  miles  of  pusher  grade  each  day  on  each  of 
three  trains.  This  will  cost  3  X  15  X  365  X  0.81  =  $13,304.25. 
Apparently  this  makes  a  saving  of  about  $50,000  per  year  to  off- 
set the  immediate  expenditure  of  $200,000. 

There  is  one  defect  in  the  above  solution.  Its  magnitude  can 
only  be  determined  by  a  closer  knowledge  of  the  attendant  circum- 
stances. The  above  pusher  engine  service  calls  for  only  3  X  15 
X  2  =  90  running  miles  by  the  pusher  engines.  The  pusher 
grades  are  perhaps  many  miles  apart,  and  therefore  one  pusher 
engine  must  be  stationed  at  each  grade.  This  gives  but  45  miles 
of  running  per  day  for  each.  This  is  so  small  that  a  much  larger 
charge  than  81  cents  should  be  made.  But  even  if  the  charge 
were  made  twice  as  much,  which  is  probably  more  than  ample,  the 
saving  would  still  be  $37,000  per  year,  which  would  pay  the  inter- 
est on  three  times  the  assumed  cost. 

As  the  number  of  trains  requiring  pusher  engine  assistance 
increases,  the  calculation  on  the  above  basis  would  grow  more  ac- 
curate and  it  may  be  considered  as  correct  when  each  pusher  engine 
accomplishes  a  mileage  of  from  150  to  200  miles.  On  the  above 
conditions,  the  utilization  of  the  1.80  per  cent  grade  as  a  pusher 
grade  and  the  reduction  of  the  lower  grades  seems  to  be  the  better 
method,  for  the  cost  of  accomplishing  it  would  be  less  and  the 
annual  saving  would  be  greater;  but  other  conditions  could  easily 
reverse  this  decision. 
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BALANCE  OF  GRADES  FOR  UNEQUAL  TRAFFIC. 

203.  Fundamental  Principles.  The  volumes  or  weiglits  of 
the  traffic  in  each  of  the  two  directions  on  any  road  are  usually 
quite  different  and  frequently  that  in  one  direction  is  four  or  five 
times  that  in  the  other.  The  number  of  through  engines  passing 
over  the  road  in  each  direction  each  day  is  necessarily  equal,  and, 
unless  some  engines  run'*light",  the  number  of  trains  must  be 
the  same.  The  number  of  passenge'r  cars  must  be  the  same,  and, 
in  the  long  run,  even  the  number  of  freight  cars  must  be  the  same. 
But  if  the  weight  of  the  freight  is  very  largely  greater  in  one  direc- 
tion than  in  the  other,  the  cars  will  run  nearly  or  quite  full  in  one 
direction  and  nearly  or  quite  empty  in  the  other  direction.  The 
lightly  loaded  trains  will  therefore  weigh  less  and,  with  the  same 
through  engine,  can  surmount  a  steeper  grade  than  the  heavily 
loaded  train.  It  therefore  becomes  justifiable  to  introduce  a 
slightly  heavier  grade  against  the  lighter  traffic,  if  economy  of 
construction  is  thereby  obtained. 

There  are  many  roads  which  are  not  concerned  with  this  phase 
of  grade.  When  a  branch  line  runs  to  some  terminus  in  the 
mountains  so  that  practically  all  of  the  heavy  grades  are  in  one 
direction  and  there  are  no  opposing  grades  when  running  out  of 
the  mountains  (barring  a  few  harmless  sags),  there  is  no  limita- 
tion of  trains  by  grades  except  in  the  one  direction,  and  there  is 
no  necessity  or  object  in  computing  any  balance.  But  the  through 
trunk  lines,  especially  those  running  east  and  west,  find  that  their 
east-bound  traffic  is  three  or  four  times  their  west-bound  traffic. 

As  a  single  instance,  from  1875  to  1880,  the  ratio  of  the  east- 
bound  ton  mileage  to  the  west-bound  on  the  Pennsylvania  railroad 
was  more  than  4.5  to  1.  The  difference  of  elevation  of  the  termini 
has  little  or  no  importance  in  this  case  since  it  is  so  small  com- 
pared with  the  total  length  of  the  line,  and  since  any  possible  effect 
which  it  might  have  had  on  the  grade  is  utterly  lost  in  the  heavy 
grades  in  both  directions  when  crossing  the  mountains.  Admit- 
ting the  justification  of  a  variation  in  the  ruling  grade  in  opposite 
directions  so  as  to  produce  a  virtual  equality  in  tractive  effort,  it 
now  becomes  necessary  to  compute  the  theoretical  balance. 

204.  Computation  of  Theoretical  Balance.  In  spite  of  the 
very  evident  disparity  in   the  weight  of  the  freight  traffic  in   the 
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two  directions,  there  are  some  equalizing  factors,  as  will  be  shown. 

1.  The  locomotive  and  passenger  car  traffic  in  the  two  direc- 
tions are  equal. 

2.  The  passenger  traffic  in  the  two  directions  will  be  equal. 
There  is  a  slight  exception  to  this  when  a  road  handles  a  consider- 
able number  of  emigrants,  but  the  effect  of  this  is  absolutely  in- 
significant, especially  in  view  of  the  further  fact  that  the  ratio  of 
dead  load  to  live  load  is  very  high  with  passenger  traffic.  Con- 
sidering that  even  50  passengers  in  a  car,  assumed  to  weigh  150 
pounds  apiece,  would  only  weigh  7,500  pounds  which  is  but  J 
of  the  45,000  pounds  which  the  car  probably  weighs,  even  a 
considerable  variation  in  passenger  traffic  each  way  would  not 
aifect  the  gross  load  materially. 

3.  Empty  cars  have  a  greater  resistance  per  ton  than  loaded 
cars.  The  difference  will  amount  to  about  two  pounds  per  ton. 
Therefore,  although  a  train  of  loaded  cars  will  require  a  greater 
gross  tractive  effort  than  an  equal  number  of  empty  cars,  the  ratio 
will  not  be  in  proportion  to  the  gross  tonnage. 

4.  In  spite  of  the  best  care  and  regulations  on  the  part  of 
the  traffic  department,  many  freight  cars  will  run  in  the  direction 
of  the  heaviest  traffic  either  empty  or  but  partly  loaded. 

5.  In  general  it  is  the  freight  which  has  the  greatest  bulk 
and  weight,  such  as  grain,  coal,  lumber,  ore,  etc.,  which  is  run  from 
the  rural  districts  toward  the  cities  and  manufacturing  districts. 

6.  The  return  traffic,  which  consists  chiefly  of  manufactured 
products,  and  which  is  worth  as  much  as  the  other,  weighs  but  a 
small  fraction  of  the  other. 

As  a  simple  numerical  illustration,  assume  that  it  has  been 
determined  that  on  a  given  east  and  west  line  the  east-bound  traffic 
is  three  times  the  west-bound  traffic.  Some  of  the  recent  100,000 
capacity  cars  weigh  only  25  to  30  per  cent  of  their  total  loaded 
weicrht,  but  considering  the  other  cars  of  which  the  conditions  are 
not  eo  favorable  and  the  partly  loaded  cars  vvhich  run  even  in  the 
direction  of  heavy  traffic,  we  will  assume  that  40  per  cent  of  the  gross 
load  is  dead  weight  and  that  60  per  cent  is  live  load  for  the  east- 
bound  traffic.  Using  the  same  cars,  the  live  load  for  west-bound 
traffic  is  J  of  60  per  cent  or  20  per  cent  of  the  gross  east-bound 
tonnage,  and  the  gross  train  load  is  40  per  cent  plus  20  per  cent  or  60 
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per  cent  of  the  gross  east-bonnd  tonnage.  Assume  that  the  ruling 
grade  against  th^  east-bound  traffic  has  l)een  fixed  at  1.2  per  cent. 
AVhat  should  be  the  corresponding  ruling  grade  against  the  west- 
bound traffic  ?  From  Table  XXII  we  find  that  with  a  track 
resistance  on  a  level  of  6  pounds  per  ton  the  net  load  behind  a  con- 
solidation engine  of  the  type  there  mentioned  would  be  688  tons 
on  a  1.2  per  cent  grade.  Of  the  688  tons,  40  per  cent,  or  275  tons^ 
will  be  the  weight  of  the  cars,  and  413  tons  the  weight  of  the  load- 
ing. For  the  west-bound  trip  the  live  load  will  be  one-third  of 
413  tons  or  138  tons.  The  cars  weigh  275  tons,  but  two-thirds  of 
them,  or  183  tons,  are  empty,  and  the  tractive  resistance  on  a  level 
is  two  pounds  per  ton  more  or  8  pounds  per  ton.  The  tractive 
resistance  on  a  level  is  therefore 

pounds  per  ton  =  1,464  pounds 
■"       .  '^     "    =      552     '• 
u         u     u    ^       828     '' 
u         u'   u    ^       042     '- 
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Subtracting  3,486  from  23,850,  the  total  adhesion  of  that 
engine,  we  have  20,364,  the  total  force  available  for  grade.  Divid- 
ing this  by  the  total  load  520,  we  have  39.16  pounds  per  ton  which 
will  overcome  a  grade  of  1.96  per  cent.  Under  the  above  condi- 
tions this  is  the  correct  figure.  Of  course  the  value  would  be 
slightly  modified  by  using  a  different  type  of  engine,  but  a  numeri- 
cal trial  will  show  that  the  variation  is  very  small  for  any  reason- 
able variation  in  the  type  of  engine,  or  the  other  minor  conditions. 
The  great  cause  of  variation  is  the  ratio  of  traffic  in  the  two  directions. 
205.  Estimation  of  tlie  Relative  Traffic.  The  estimation 
of  the  relative  volumes  of  traffic  on  a  road  yet  to  be  constructed  is 
usually  a  matter  of  sheer  guesswork  except  as  it  might  be  inferred 
from  existing  roads  which  are  similar  in  character.  But  this  prob- 
lem often  forms  one  of  the  features  of  the  plans  for  the  improve- 
ment of  existing  lines  and  in  such  a  case  there  is  an  abundance  of 
existing  data.  Since  it  concerns  only  the  ruling  grades,  it  affects 
only  those  trains  which  are  affected  by  the  rate  of  the  ruling  grade. 
It  is  unfortunately  true  that  the  fluctuations  of  traffic  are  such 
that  a  ratio  which  might  have  been  perfect  at  the  time  of  its  com- 
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putation   may  become  considerably  in  error  for  a  long  period  of 

time  if  not  permanently.     A  change  in   the  development  of  the 

country  may  turn  an  agricultural   region   into    a    manufacturing 

region  or  the  discovery  of  vast  deposits  of  coal  or  ore  may  result  in 

a  considerable  and  permanent  change  in  the  flow  of  trafiic. 

*  The  Interstate  ("ommerce  (.'ommission  report  for  1901-2  gives 

the  following  as  the  chief  items  of  freight  tonnage: 

Bituminous  coal 255,792,615  tons 

Lumber 88,653,853 

Ores 84,866,ia5 

Anthracite  coal as,720,175 

Grain 52,257,455 

Stone,  sand  and  other  like  articles 52,281,827 

Coke 47,451,880 

Merchandise 47,015,216 

30  other  headings 

Total 1,061,618,627  tons. 

It  will  readily  be  seen  that  the  above  iteuis  only  include  the  heavy 
bulky  freight.  Such  an  item  of  manufacture  as  agricultural  im- 
plements only  weighed  2,445,955  tons,  and  household  goods  and 
furniture  but  little  more.  These  figures  emphasize  the  statements 
made  above  regarding  the  relative  weights  of  various  classes  of  trafiic. 
Perhaps  the  safest  general  rule  is  to  say  that  opposite  ruling 
grades  should  be  made  equal  unless  there  is  a  definite  reason  for 
making  them  unequal.  The  reconstruction  of  the  great  trunk  lines, 
on  which  so  much  money  is  now  being  spent,  invariably  aims  at  a 
lower  grade  against  east-bound  trafiic  than  that  allowed  against  the 
west-bound.  The  Canadian  Pacific  railroad  had  scarcely  been  com- 
pleted before  there  was  a  reconstruction  with  this  end  in  view. 
While  it  is  one  of  the  most  uncertain  elements  to  calculale,  its 
justification  under  certain  conditions  is  unquestionable. 

THE    inPROVEMENT  OF  OLD    LINES. 

206.  Classification.  The  improvements  here  considered  are 
chiefiy  those  which  deal  with  changes  of  alignment.  The  replace- 
ment of  antiquated  station  buildings  with  modern  structures,  the 
reconstruction  of  bridges  to  meet  the  demands  of  heavier  rollino- 
stock,  the  substitution  of  heavier  rails,  and  even  the  installation  of 
block  signaling  are  improvements  which  are  of  great  value  if  not 
matters  of  absolute  necessity.     Some  of  them  demand  a  high  order 
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of  engineering  talent  for  their  proper  installation,  but  they  are  not 
matters  which  directly  affect  the  alignment. 

(a)  Increasing  the  husiness^  It  has  been  previously  stated 
that  increasing  the  business  done  by  the  road  is  the  most  impor- 
tant element  to  be  considered,  since  a  comparatively  small  change 
in  the  business  done  suffices  to  change  profit  to  loss  or  vice 
versa.  To  some  extent  this  matter  is  under  the  control  of  the  engi- 
neer, insofar  as  he  is  able  to  select  the  location  of  the  road  as  it 
approaches  towns.  Many  roads  have  ruined  their  business  pos- 
sibilities in  a  town  by  the  false  economy  of  running  the  line 
through  the  outskirts  rather  than  boldly  forcing  a  way  to  the  heart 
of  the  business  portion.  Many  a  road  has  ultimately  perceived  its 
blunder  and  has  retrieved  it  by  spending  millions  where  tens  of 
thousands  would  have  accomplished  the  same  result  during  the 
original  construction. 

Usually  the  engineer  is  not  to  blame  for  these  blunders.  He 
is  not  permitted  to  decide  questions  of  such  magnitude.  But  there 
are  lesser  questions  such  as  the  crossing  of  a  considerable  river  to 
reach  a  town,  when  the  best  route  for  the  road  (topographically)  is 
on  the  farther  bank.  The  cost  of  such  an  improvement  is  a  mere 
matter  of  constructive  estimate.  The  advantages  to  be  gained  are 
very  uncertain  and  perhaps  variable.  Wellington  estimates  that  the 
location  of  the  station  one  mile  from  the  center  of  population  will 
cut  off  25  per  cent  of  the  traffic,  even  when  it  is  non-competitive. 
A  handicap  of  one  mile  in  competing  for  traffic  would  make  such 
competition  almost  hopeless.  There  are  numerous  instances  in 
this  country  where  two  lines  of  road  compete  for  the  business  of  a 
string  of  towns.  The  road  with  the  convenient  stations  not  only 
does  the  most  of  the  business — it  does  nearly  all  of  it. 

(b)  Changes  in  cui'vature,  and  distance  and  the  elimina- 
tion of  sags  and  humps.  The  financial  value  of  these  changes 
has  already  been  discussed.  Usually  any  change  of  alignment  will 
involve  some  of  each  of  these  three  classes  of  changes.  Although 
the  changes  should  be  favorable  in  all  respectSjJif  possible,  yet  it  may 
readily  happen  that  a  great  advantage  in  grade  (for  example) 
might  only  be  obtained  by  a  relatively  insignificant  increase  in 
curvature.  In  such  a  case,  the  variation  of  all  these  elements 
must  be  computed  separately  and  their  net  effect  considered. 
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(c)  Relocation  of  stations  and  passituj  sidings.  The  re- 
location of  stations  is  sometimes  advisable  in  order  to  give  greater 
facilities  and  therefore  attract  new  business.  It  is  also  done  when 
an  enlargement  is  necessary  which  has  become  impracticable  at  the 
old  location.  Another  very  important  reason  is  found  when  the 
station  is  located  on  a  heavy  grade.  The  same  principles  apply  to 
the  location  of  passing  sidings.  The  tractive  resistance  to  starting 
is  so  great  that  if  a  station  or  passing  siding  is  located  on  a  grade 
which  is  equal  to  (or  even  much  less  than)  the  ruling  grade,  the 
total  resistance  when  starting  a  heavy  train  may  be  so  great  that 
it  may  limit  the  weight  of  trains  to  less  than  that  computed  for 
the  ruling  grade.  Under  such  circumstances  a  relocation  or  re- 
construction of  some  sort  is  almost  imperative.  This  important 
kind  of  improvement  will  be  further  discussed. 

{d)  Increasing  the  train  load.  Some  of  the  methods  of 
doing  this  have  already  been  discussed  under  '* Grade".  The 
special  application  of  those  methods  to  constructed  lines  will  be 
treated  later. 

207.  Advantages  and  Disadvantages  of  a  Relocation.  All 
calculations  on  the  reconstruction  of  an  old  line  involve  the  cost 
of  the  improvement  and  the  financial  or  operating  advantages  to 
be  gained  by  it.  The  first  element  is  merely  an  estimate  of  con- 
structive cost,  which  is  always  obtainable  as  closely  as  is  necessary. 
The  advantages  to  be  gained  are  especially  uncertain  when  the 
business  done  is  unknown.  But  in  the  case  of  an  operated  road, 
the  business  done  is  a  perfectly  definite  quantity.  Even  the  cost 
per  train  mile,  which  may  differ  very  largely  from  the  average 
values  which  have  been  used  in  the  previous  calculations,  is  readily 
determinable,  and  of  course  these  values  should  be  used.  Calcula- 
tions involving  grade  also  involve  the  tractive  power  of  the  lo- 
comotives used.  In  previous  calculations,  average  values  were 
necessarily  used.  On  a  constructed  and  operated  road,  the  actual 
capabilities  of  the  locomotives  in  operation  may  be  easily  studied 
and  very  accurate  calculations  based  on  them. 

On  the  other  hand,  a  reconstruction  of  even  very  small  stretches 
of  the  line  involves  the  abandonment  of  work  on  which  much 
money  has  been  spent  and  also  involves  the  expenditure  of  further 
sums  to  obtain  an  advantage  which  may  seem  very  clear  and  cer- 
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tain  to  the  engineer,  but  wbicli  may  seem  very  uncertain  to  the 
non-technical  board  of  directors.  It  should  not  be  forgotten  that 
the  cost  of  a  road  to  subgrade  is  frequently  not  more  than  one- 
third  of  the  total  cost  of  construction  and  equipment,  and  that  in 
some  cases  an  expenditure  of  a  small  percentage  of  the  total  cost 
will  suffice  to  make  a  change  which  will  permit  an  increase  in  the 
train  load  of  50  per  cent  or  more.  And  yet  the  fact  that  the 
money  spent  in  the  original  construction  of  the  abandoned  portion 
must  be  considered  as  sunk  (unless  the  old  right  of  way  may  be 
utilized  for  some  other  purpose)  will  have  a  deterrent  effect  on  the 
directors. 

It  should  not  be  forgotten  that  there  is  a  legal  question  in- 
volved in  the  abandonment  of  an  old  line.  It  may  be  detri- 
mental to  the  business  interests  of  a  factory  which  was  originally 
located  alongside  of  the  railroad  for  the  special  purpose  of  trans- 
portation facilities.  The  injury  to  that  factory's  interests  would 
be  considerable  and  might  be  the  ground  for  a  successful  suit  for 
damages.  This  element  of  cost  of  the  whole  project  must  there- 
fore be  considered. 

REDUCTION  OF  THE  VIRTUAL  GRADE. 

208.  Collection  of  Data  for  Computations.  A  com  para- 
tively  simple  series  of  observations  showing  the  actual  handling' of 
trains  on  the  ruling  grades  of  a  road  has  frequently  demonstrated 
that  a  mere  change  in  operating  methods,  without  any  constructive 
change  in  the  roadbed,  will  suffice  to  make  possible  an  increase  in 
the  train  load.  The  first  step  in  the  investigation  is  to  locate  all 
grades  which  are  steep  enough  or  long  enough  so  that  there  is  any 
possibility  that  they  may  be  ruling  grades.  The  original  profiles 
of  the  road  will  suffice  for  this  when  they  are  available.  Near  the 
bottom  (and  also  near  the  top)  of  all  such  grades  a  pair  of  targets 
should  be  erected  at  some  measured  distance  apart  so  that  the 
velocity  of  the  train  may  be  determined  by  noting  the  time  re- 
quired to  pass  that  distance.  On  the  one  hand,  that  distance 
should  be  made  very  short  so  that  there  will  be  no  appreciable 
change  in  velocity  while  running  that  distance,  but,  on  the  other 
hand,  when  it  is  very  short  it  is  difficult  to  obtain  the  time  with  a 
oXo^Q  percentage  of  accuracy.  The  distance  recommended  by  Wel- 
lington is  293  feet  4  inches,  which  is  exactly  -^^  of  a  mile.      Then 
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if  5  =  the  time  in  seconds  required  to  pass  this  space  of  293  feet 
4  inches,  the  velocity  in  miles  per  hour  =  200  -r-  s. 

As  a  numerical  illustration,  assume  that  the  time  required  to 
pass  that  space  is  exactly  10  seconds.  If  Jg-  of  a  mile  is  run  in 
10  seconds,  the  mile  would  require  180  seconds,  which  is  three 
minutes,  and  the  speed  is  20  miles  per  hour.  But  200  -f-  10  =  20, 
the  required  velocity.  If  a  stop  watch  is  used  which  will  record 
speed  to  fifths  of  a  second,  a  ten -second  run  is  recorded  to  2  per 
cent.  The  faster  the  speed,  the  less  the  percentage  of  accuracy.  If 
the  speed  of  the  train  is  liable  to  be  much  greater,  which  is  very 
^probable  in  these  days  of  high-speed  freight  trains,  a  better  dis- 
tance will  be  440  feet.  Then  the  velocity  in  miles  per  hour 
=  300  -r-  s.  This  will  give  a  better  percentage  of  accuracy.  The 
velocity  in  miles  per  hour  for  any  other  length  may  be  obtained 
from  the  formula 

_   (length  of  base  in  feet)  X  3600      ,.^^. 
(time  in  seconds;  X  o2b{)     ^         ^ 

The  targets  may  be  anything  which  is  readily  visible  when 
riding  past;  even  a  piece  of  white  cotton  cloth,  tacked  on  to  the 
fence,  will  answer  the  purpose.  Since  one  of  the  essential  ques- 
tions is  to  determine  whether  the  engine  is  doincr  all  that  it  can  or 
should,  the  conditions  under  which  the  engine  is  working  must  be 
-known.  Although  economy  and  efficiency  of  working  require  that 
the  steam  be  used  expansively  when  running  at  high  speeds,  yet  the 
maximum  tractive  force  is  obtained  from  the  locomotive  when  it 
is  running  at  rather  slow  speed,  with  its  maximum  steam  pressure, 
wide-open  throttle  and  cutting  off  nearly  if  not  quite  at  full  stroke. 
"Since  a  slippery  track  will  influence  the  tractive  force,  a  note  of 
the  condition  of  the  track  should  be  made,  as  well  as  the  force  and 
direction  of  the  wind  or  any  other  circumstance  which  would  have 
such  influence  that  it  could  not  be  considered  a  normal  test.  The 
weight  of  the  train  should  also  be  obtained  to  the  nearest  ton.  This 
may  be  done  by  noting  the  dead  weight  of  the  cars  and  engine  and 
also  obtaining  from  the  freight  department  the  loading  of  the  cars. 

After  having  located  the  targets,  several  trips  should  be  taken 
over  the  line  on  all  trains  which  are  so  heavy  that  they  are  affected 
by  the  ruling  grades.  It  will  be  necessary  to  note  the  velocity, 
not  only  when  climbing  up  a  ruling  grade,  but  also  when  descend- 


363 


282  RAILROAD  ENGINEERING 

ing  into  a  sag  and  when  the  acquired  momentum  is  essential  to 
ascending  the  succeeding  up  grade.  Several  trips  should  be  made 
on  trains  which  are  working  under  nominally  the  same  conditions 
as  to  type  of  engine  and  train  load.  A  comparison  of  results  will 
show  the  general  accuracy  of  the  work,  while  an  average  of  the  re- 
sults will  give  values  which  should  be  very  reliable. 

209.  Utilization  of  the  Data.  A  little  consideration  of  the 
hiws  of  mechanics  as  applied  to  the  motion  of  trains  will  show  the 
accuracy  of  the  following  statements: 

(a)  If,  on  a  uniform  grade,  the  velocity  increases,  it  shows 
that  under  those  conditions  of  enorine  working^  the  load  is  less 
tlian  the  engine  can  handle  on  that  grade. 

(b)  If  the  velocity  decreases  when  the  engine  is  working  at 
its  maximum  capacity,  it  shows  that  the  load  is  greater  than  the 
engine  can  handle  on  an  indefinite  length  of  such  a  grade.  It 
shows  that  the  grade  is  being  operated  by  momentum.  From  the 
rate  of  the  decrease  of  the  velocity,  the  maximum  practicable  length 
of  such  a  grade,  starting  with  a  given  velocity,  may  be  easily 
computedo 

(c)  By  combining  the  results  for  any  one  train  and  engine 
when  the  steam  pressure  and  other  working  conditions  are  as  nearly 
uniform  as  possible,  but  when  the  train  is  climbing  different  grades, 
it  will  be  possible  to  compute  values  of  the  normal  tractive  resist- 
ance, since  the  grade  resistance  and  variations  in  kinetic  energy 
are  definite  mathematical  quantities. 

(d)  Having  an  independent  value  for  the  normal  tractive 
resistance  on  that  weight  of  rail  and  condition  of  roadbed,  and  the 
power  of  the  locomotives  in  actual  use  on  that  road,  reliable  esti- 
mates may  be  made  of  the  effect  of  changes  of  grade. 

The  force  required  (in  addition  to  all  the  tractive  and  grade 
resistances)  to  impart  to  a  train  a  given  velocity  in  a  given  dis- 
tance may  be  computed  as  follows:  What  force  P  is  required  to 
impart  to  a  weight  W  a  velocity  v  in  a  distance  si  By  an  ampli- 
fication of  the  laws  of  Mechanics,  as  given  in  §183,  we  may  say 

that  the  kinetic  energy  of  a  body,  which  =  ^^-  >  ^^^^  equals  P^. 
From  which,  we  may  write    P  =  — —  (107) 
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As  a  corollary  to  this,  we  may  also  write  that,  if  P'  :=  the  force 
required  to  increase  the  velocity  of  W  from  v^  to  v.^,  theu 

^'=i  ("^^-"■'^)  ('08) 

Substituting  in  this  formula  W  =  2,000  pounds  (one  ton),  (j  = 
32. IG,    and   s^  =  5,280  feet  (one  mile)  and  also  multiplying  by 

(5280  \-  so  as  to  change  the  velocity  unit  from  feet  per  second  to 
3000  /  miles  per  hour,  we  have 

P'  =  .01267  ( Y/  -  Y/). 
Increasing   this  coefficient  5  per  cent  to  allow  for  the    rotative 
kinetic  energy  of  the  wheels,  as  explained  in  §183,  we  have 

F  =  .0133  {Y,'-Y,')  (109) 

In  equation  109,  P'  is  the  force  required  per  ton  (in  addition  to  all 
the  other  resistances)  to  increase  the  velocity  of  the  train  from  Y, 
miles  per  hour  to  Yg  miles  per  hour  and  to  accomplish  that  increase 
in  a  distance  of  ofie  mile.  Since  it  may  be  more  convenient  to 
state  the  distance  in  which  the  increase  in  velocity  must  be  ac- 
complished inyeet,  we  may  write 

70  2'>4 
P„  _   l^(V/-V,^)  (110) 

Exam/pie.  Assume  that  two  bases  of  MO  feet  each  have  been 
laid  off  at  the  top  and  bottom  of  a  1.70  per  cent  grade,  the  dis- 
tance between  the  bases  being  6,000  feet.  A  train  with  cars 
weighing  435  tons  drawn  by  a  consolidation  engine  weighing  107 
tons  is  timed  as  it  runs  up  the  grade.  The  time  on  the  lower 
base  is  16]  seconds  and  on  the  upper  base  13|-  seconds. 

300  300 

1672  =  1^-^  -^  1376  =  2^-1' 
which  are  the  respective  velocities  in  miles  per  hour.  It  is  at 
once  apparent  that  the  train  has  gained  velocity  on  the  grade,  and 
since  this  proves  that  it  is  doing  more  work  than  is  required  by 
the  grade  and  tractive  resistances,  the  engine  is  not  loaded  to  its 
full  capacity. 

Substituting  18.5  =  Y^  and  22.  1  =  Y^  in  equation  110,  with 
B  =  6,000,  we  deduce  P"  =  1.70  pounds,  which  is  the  additional  pull 
which  is  actually  being  developed  by  the  engine  for  each  ton's 
weight  of  the  train.     The  total  surplus  pull  =-  542  X  1.70  :=  921 
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pounds.  A  precise  calculation  of  the  additional  loading  which 
could  be  hauled  by  this  surplus  power  requires  the  determination, 
by  a  comparison  of  a  series  of  such  observations  as  the  above,  of 
the  normal  tractive  resistance-,  but  for  our  present  purpose  it  is 
sufficiently  accurate  to  use  the  average  value  of  8  pouHds  per  ton. 
On  this  basis,  since  the  grade  resistance  is  34  pounds  per  ton  on  a 
1.70  per  cent  grade,  the  total  resistance  is  42  pounds  per  ton  and  the 
increased  loading  could  be  921  -;-  42  ==  22  tons.  This  is  a  small 
margin,  less  than  the  weight  of  a  loaded  car,  although  it  is  pos- 
sible in  this  case  that  one  more  car  might  be  hauled  up  this  grade 
by  reducing  the  train  velocity  and  thereby  reducing  the  train 
resistance. 

Of  course  the  above  pair  of  observations  and  their  numerical 
computation  must  be  considered  as  but  one  of  a  very  large  number 
which  should  be  taken  on  that  particular  grade.  All  trains  which 
may  possibly  be  affected  by  the  rate  of  the  ruling  grade  should  be 
timed  and  the  capacity  of  each  engine  studied.  Of  course  there 
will  be  considerable  variation  in  results  which  should  nominally 
be  the  same,  the  variation  being  due  to  changes  in  conditions,  slip- 
pery rails,  imperfections  in  the  roadbed  which  increase  the  resist- 
ance, etc.  The  method  is  capable  of  giving  results  from  which 
very  positive  deductions  may  be  drawn. 

210.  Reducing  the  Starting  Grade  at  Stations.  The  re- 
quired drawbar  pull  when  starting  a  train  is  very  much  greater 
per  ton  than  when  running  at  a  moderate  velocity.  This  is  due 
partly  to  the  fact  that  the  journal  resistance  is  so  increased  that 
the  mere  tractive  pull,  regardless  of  grade  and  inertia,  is  perhaps 
10  pounds  per  ton  greater.  And  then  the  additional  force  re- 
quired to  impart  a  given  velocity  in  a  given  distance  is  very  con- 
siderable. If  a  train  is  required  to  attain  a  velocity  of  25  miles 
per  hour  in  a  distance  of  1,500  feet,  starting  from  rest,  the  addi- 
tional force  per  ton  may  be  computed  from  equation  110  by  sub- 
stituting 1,500  for  s,  25  for  Y^,  and  0  fjr  Y^.  Solving,  we 
obtain  P"  =  29.26  pounds.  If  we  add  16  pounds  per  ton  for  the 
resistance  at  the  instant  of  starting,  we  have  45.26  pounds,  w^hich 
is  the  equivalent  of  a  2.26  per  cent  grade  or  over  119  feet  per  mile. 
And  this  would  be  the  virtual  grade  even  if  the  actual  grade  were 
level.     If,  in  addition  to  this,  a  considerable  grade  must  be  climbed, 
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the  power  of  the  locomotive  would  be  insufficient  unless  the  load 
was  very  small.  Of  course  the  practical  result  would  be  that  the 
train  would  take  a  much  greater  distance  in  which  to  acquire  its 
velocity,  and  in  the  case  of  a  freight  train,  it  probably  would  not 
acquire  that  speed  of  25  miles  per  hour  on  any  considerable  up  grade. 

In  §§183-186  is  shown  the  economic  value  and  even  necessity 
of  cutting  down  the  rate  of  grade,  especially  if  it  be  a  ruling  grade, 
when  a  stop  for  heavy  trains  occurs  on  that  grade.  Of  course  this- 
should  be  done  during  the  original  construction  of  the  road.  But 
when  this  precaution  has  been  neglected  or  when  there  arises  the 
unforeseen  necessity  for  a  stopping  place  on  a  steep  grade,  some 
change  of  grade  is  almost  imperative.  This  may  sometimes  be  ac- 
complished by  a  change  which  extends  beyond  the  limits  of  the 
original  grade  and  which  permits  an  actual  reduction  of  grade  at 
the  station. 

Another  possible  plan  is  the  insertion  of  a  hump,  such  as  is 
shown  in  Fig.  161.  Assume  that  on  an  original  uniform  grade  of 
1.2  per  cent  a  stop  becomes  necessary  at  B.  A  train  passing  A  at 
a  speed  of  20  miles  per  hour  would  have  a  '^velocity  head"  of  14.05 
feet.  If  a  hump  of  10  feet  were  made  at  the  point  B  by  Jntrodu- 
cing  a  1.45  per  cent  grade  for  a  distance  of  4,000  feet,  the  train 
would  still  have  a  velocity  head  of  14.05  —  10  =  4.05  feet,  which 
corresponds  to  a  speed  of  10.7  miles  per  hour,  when  it  reached  B. 


Fig.  161. 
Even  at  a  velocity  of  17  miles  per  hour  at  A  there  would  be  suf- 
ficient kinetic  energy  in  the  train  to  climb  the  10  feet.     The  work 
done  by  the  engine  as  it  reaches  A  is  24  pounds  per  ton  for  grade 
and  perhaps  8  more  for  tractive  resistances.     Assume  that  the  run- 
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off  from  B  to  C  is  made  1,000  feet  long.  Even  this  will  leave  the 
grade  -|-  0.2  per  cent.  This  will  require  4  pounds  per  ton  for  grade 
and  say  16  more  for  excessive  starting  resistances.  But  as  the 
velocity  increases  this  starting  resistance  will  be  speedily  reduced 
to  perhaps  6  pounds  per  ton.  Taking  the  average  figure  o'f  11  and 
adding  4  for  grade  we  have  15  pounds  per  ton  resistance.  Sub- 
tracting this  from  32,  the  total  power  of  the  engine,  we  have  left 
17  pounds  per  ton  available  for  creating  kinetic  energy.  Trans- 
forming equation  110,  by  considering  Y^  as  the  unknown  quantity, 
and  calling  Y^  =  0,  we  have 

^/-=  70224  (111) 

Substituting  17  for  P"  and  1,000  for  s,  we  find  that  Y/  =  242 
and  Y^  =  15,6,  the  attainable  velocity  in  miles  per  hour  when  the 
train  arrives  at  C. 

Probably  the  velocity  would  be  somewhat  in  excess  of  this 
since  the  tractive  resistance  would  very  quickly  reduce  down  to  6 
pounds  per  ton  or  even  less,  the  power  then  available  for  kinetic 
energy  would  then  be  greater  and  the  desired  velocity  could  then 
be  acquired  more  quickly.  It  is  quite  possible  or  probable  that 
the  above  solution  could  be  profitably  modified  to  better  suit  the 
detailed  conditions,  but  it  is  given  to  illustrate  the  general  princi- 
ple of  a  feasible  method  of  solving  such  problems. 

The  effect  of  the  hump  on  trains  running  down  grade  and 
stopping  at  B  is  favorable  rather  than  otherwise.  The  virtual  np 
grade  from  C  to  B  (although  it  is  actually  a  down  grade)  will  assist 
in  stopping  the  train  at  B.  The  increase  in  the  down  grade  from 
B  to  A  will  enable  the  train  to  attain  its  normal  velocity  with  a 
decrease  of  time  and  energy. 

INCREASING  THE    WEIGHT  OF   THE   RAILS. 

211.  Essential  Qualities  of  a  Rail.  A  rail  reduces  the  tractive 
force  required  to  haul  a  wheel  having  a  given  load.  If  a  wheel  is 
being  hauled  over  soft  sand,  it  sinks  to  a  considerable  depth  into 
the  sand,  and  the  effect  is  virtually  the  same  as  if  it  were  being 
hauled  up  a  considerable  grade.  The  work  done  includes  that  re- 
quired to  compress  the  sand  and  make  the  rut  which  is  thus  form- 
ed.    If  the  wheel  were  rolled  on  a  surface-like  rubber,  although  the 
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tractive  force  includes  the  work  necessary  to  compress  the  rubbery 
surface  to  some  depth,  yet  there  would  be  some  compensation 
owintT  to  the  forward  component  of  the  pressure  against  the  wheel 
tread  as  it  occurs  back  of  the  center.  Such  a  component  is  wholly 
lacking  on  a  sand  road. 

Such  resistances  are  reduced  to  exceedingly  small  quantities  on 
a  rail.  Tlie  rails  rest  on  ties  and  the  ties  on  ballast  and  the  resist- 
ance to  pressure  depends  largely  on  the  tamping  of  the  ballast. 
Any  permanent  deformation  of  the  ballast  means  just  so  much 
energy  wasted.  This  is  largely  reduced  by  the  strength  and  stiff- 
ness of  the  rail.  The  very  high  elasticity  of  the  rail  surface  re- 
duces the  energy  spent  in  compressing  that  surface  by  the  wheel  to 
an  insicrnifieant  quantity.  It  may  therefore  be  said  that  when  we 
buy  rails,  what  we  want  are  the  imponderable  qualities  of  strength 
and  stiffness  rather  than  mere  tons  of  steel.  If  the  rails  do  not 
have  the  requisite  strength  and  stiffness,  they  are  correspondingly 
worthless,  no  matter  how  much  they  weigh.  Although  the  sec- 
tions of  rails  of  varying  weights  are  not  geometrically  similar  fig- 
ures, they  are  so  nearly  so  that  the  following  demonstration  is  sub- 
stantially true: 

The  laws  of  mechanics  tell  us  that  if  prismatic  beams  have 
geometrically  similar  cross-sections,  the  strength  varies  as  the 
ciihe  s.nd  the  stiffness  as  the  fourth  poicer  of  the  homologous  di- 
mensions.  But  since  the  area  of  the  sections  (and  therefore  the 
weight  of  the  rails  per  foot  or  yard)  varies  as  the  sqttare,  it  follows 
that  the  strength  varies  as  the  f  power  and  the  stiffness  as  the 
square  of  the  weight.  For  all  ordinary  variations  in  weight  the 
price  per  ton  is  constant. 

212.  Economics  of  Heavier  Rails.  As  a  numerical  illustra- 
tion of  the  above,  assume  that  the  road  is  laid  with  70-lb.  rails.  Re- 
placing them  with  80-lb.  rails  will  add  14  per  cent  to  the  cost,  but 
it  will  also  add  22  per  cent  to  the  strength  and  nearly  31  per  cent 
to  the  stiffness.  The  increase  in  weight  per  mile  of  single  track 
will  be  15.71  grosb  tons,  which  at  ^30  per  ton  would  cost  §471.30 
per  mile.  One  mile  of  the  70-lb.  rails  would  cost  $3,300.  At  the 
same  rate  per  unit  of  stiffness  the  80-lb.  rails  are  worth  §4,309,80,  an 
increaseof  Sl,001).80,  which  is  obtained  at  an  expenditureof  §471.30. 
At  the  same  rate  per  unit  of  strength  the  80-lb.  rails  are  worth 
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$4,032.60,  an  increase  of  $732.60,  which  is  obtained' at  an  expendi- 
ture of  $471.30.  Of  course  this  line  of  reasoning  might  be  carried 
to  the  extent  of  attempting  to  justify  the  use  of,  say,  100-lb.  rails  on 
a  very  light  traffic  road.  An  expenditure  is  not  justifiable  simply 
because  it  is  cheaply  obtained.  The  real  question  becomes — is  the 
increase  in  weight  and  resulting  cost  justified  by  a  sufficient  de- 
crease in  operating  expenses? 

A  precise  analysis  w^ould  be  very  difficult  if  not  impractica- 
ble. Stronger  and  stiff er  rails  decrease  tractive  resistance  and 
therefore  decrease  coal  consumption,  wear  and  tear  of  rolling  stock 
and  even  the  wear  and  tear  of  the  track,  owing  to  a  decrease  in  de- 
structive impact  and  vibration.  A  decrease  of  only  one  pound  per 
ton  would  increase  the  possible  train  load  on  a  level  by  10  to  15 
per  cent.  The  saving  of  one  pound  per  ton  would  have  less  and 
less  importance  as  the  grade  grew  higher.  Since  tractive  resist- 
ance is  largely  dependent  on  the  tamping  of  "the  ballast  and  a  mul- 
titude of  other  influences,  of  which  the  strength  and  stiffness  of 
the  rail  is  but  one,  it  is  impracticable  to  compute  the  true  value 
of  these  rail  characteristics. 

An  approximate  rule,  given  by  the  Baldwin  Locomotive 
Works  says,  ''Each  ten  pounds  weight  per  yard  of  ordinary  steel 
rail,  properly  supported  by  cross  ties  (not  less  than  14  for  a  30- 
foot  rail),  is  capable  of  sustaining  a  safe  load  per  wheel  of  2,240 
pounds."  A  100,000  pound  capacity  car  will  weigh  when  load- 
ed about  140,000  pounds  or  17,500  pounds  per  wheel.  By  the 
above  rule,  roads  handling  such  cars  should  have  rails  weighing 
about  80  pounds  per  yard.  The  heaviest  consolidation  engine  re- 
ferred to  in  Table  XIX  has  181,200  pounds  on  the  drivers  or 
22,650  pounds  per  driver.  By  the  above  rule  such  an  engine  should 
have  100-lb.  rails  to  run  on.  And  even  this  does  not  mean  that  even 
heavier  rails  might  not  be  advisable  and  economical  even  with  the 
lighter  loads.  It  is  probably  true  that  it  is  economical  to  use  a  rail 
which  is  heavier  than  that  size  which  is  merely  ''safe." 
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PRACTICAIi  TEST  QUESTIONS. 

In  the  foregoiiig  sections  of  this  Cyclopedia  nn- 
meroua  illustrative  examples  are  worked  out  in 
detail  in  order  to  show  the  application  of  the 
various  methods  and  principles.  Accompanying 
these  are  examples  for  practice  which  will  aid  the 
reader  in  fixing  the  principles  in  mind. 

In  the  following  pages  are  given  a  large  num- 
ber of  test  questions  and  problems  which  afford  a 
valuable  means  of  testing  the  reader's  knowledge 
of  the  subjects  treated.  They  will  be  found  excel- 
lent practice  for  those  preparing  for  Civil  Service 
Examinations.  In  some  cases  numerical  answers 
are  given  as  a  further  aid  in  this  work. 
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O  :X     THE     SrrBJROT     OF" 


PLOTTING    AND    TOPOGRAPHY 


1.  What  scale  of  map  and  what  general  method  of  field 
work  would  you  adopt  for  surveying  and  plotting  the  smaller  de- 
tails of  topography  ?     Give  reasons. 

2.  Define  a  contour.  What  is  a  contour  interval  and  what 
conditions  determine  it? 

3.  Describe  "hachures''  and  the  principles  on  which  they 
are  drawn. 

4.  How  would  you  determine  contours  on  a  small  area  if 
only  a  tape,  rod,  and  hand-level  were  available  ?     Explain  why. 

5.  The  elevations  of  two  adjacent  points  are  68.2  and  87.9 
feet  respectively;  the  points  are  90  feet  apart  horizontally;  locate 
the  five-foot  contours  between  them. 

6.  Vertical  anorles  taken  to  the  6-foot  and  1-foot  marks  on  a 

o 

rod   held  vertically  gave  the  angles  -  3""  23'  and  -  4°  07'  respect- 

(a)  ively;  what  is  the  true  horizontal    distance    from 

instrument  to  rod  ? 

(b)  what  is  the  relative  elevation  of  the  ground  at  the 

rod  and  the  telescope  ? 

(c)  how  much  would  the  horizontal  distance  be  altered 

by  a  change  of  one-half  minute  in  either  ver- 
tical angle  ? 

7.  What  are  the  disadvantages  of  the  gradienter  which  do 
not  apply  to  the  stadia  method  ? 

8.  What  are  the  limitations  of  the  stadia  method  ? 

9.  What  are  the  three  shortened  methods  of  '*  reducing  " 
stadia  observations  ? 

10.     What  are  the  true  horizontal  distances  and  differences 
of  elevation  for  the  following  observations  when  (/*  +  c)  =  1.0 
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foot?     Compute  according  to  the  strictest  theory  and  also  accord- 
ing to  the  approximate  method, 

Eod  interval       1.69  2.65        7.80 

Vertical  angle    18°  15'      6°  10'      1°  10' 
Describe  the  process  and  make  the  computations  for 
the  angles   12°  30',  27°  20'  and   62°  40'  by  the  tangent 


11. 

plotting 
method. 

12.  Rule  a  specimen  of  profile  paper  for  a  profile  2,500  feet 
long  and  100  feet  range  of  elevation,  at  the  scales  400  feet  =  1 
inch,  horizontally  and  20  feet  =  1  inch  vertically.  Plot  a  profile 
according  to  the  following  notes: 


Sta. 

Elev. 

Sta. 

Elev. 

Sta. 

Elev. 

Sta. 

Elev. 

Sta. 

Elev. 

150 

189. 

155 

215.8 

160 

230.6 

165 

200.5 

170 

187.6 

151 

193.5 

156 

219.0 

161 

226.8 

166 

194.2 

171 

193.8 

152 

198.9 

157 

224.6 

162 

221.2 

167 

180.6 

172 

198.3 

153 

204.6 

158 

230.2 

163 

214.8 

168 

172.3 

173 

204.5 

154 

210.5 

159 

281.3 

134 

206.3 

169 

179.4 

174 

210.0 

Plot  a  grade  line  which  has  an  elevation  of  196.5  at  Sta.  150  and 
a  grade  of  +  0.3%. 

13.  Discuss  the  proper  choice  of  a  protractor  for  plotting 
angles. 

14.  Draw  the  parallels  and  meridians  as  given  in  §  21,  page 
34,  by  the  method  of  trapezoidal  projection,  described  on  page  28. 
Draw  it  on  tracing  paper  or  tracing  cloth  and  lay  over  the  solution 
called  for  in  §  21,  so  as  to  note  the  discrepancies  of  this  method. 

15.  Describe  the  method  of  making  a  "  simple  conic  pro- 
jection ";  what  portion  of  the  resulting  map  is  correctly  repre- 
sented ?     What  is  the  nature  of  the  distortion  of  the  other  portions  ? 

16.  What  determines  the  radius  of  curvature  of  any  devel- 
oped "parallel"  on  the  "polyconic"  system  ? 

17.  What  are  the  applications  and  limitations  of  the  "three- 
point"  problem  ? 

18.  Describe  the  three  general  methods  of  plotting  the 
position  of  a  point  determined  by  the  three-point  method. 

19.  What  three  colors  are  chiefiy  used  for  topographical 
maps;  classify  the  topographical  features  which  are  indicated  by 
each  color  ? 
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1.  "What  are  the  elements  of  railroad  location  which  are  in 
general  antagonistic?  Deduce  from  the  above  the  chief  duties  of 
the  locating  engineer. 

2.  What  is  the  chief  object  to  be  accomplished  by  a  recon- 
noissance  survey? 

3.  What  are  the  three  elements  involved  in  the  survey  of 
any  line  and  what  are  the  methods  of  determining  these  elements 
in  reconnoissance  surveys  ? 

4.  What  is  the  practical  value  and  what  are  the  limitations 
of  barometric  leveling  ? 

5.  What  is  the  general  object  to  be  accomplished  by  means 
of  a  preliminary  survey  ? 

6.  To  what  extent  should  the  compass  needle  be  used  dur- 
ing preliminary  surveys  ? 

7.  Why  is  it  that  a  Locke  level  with  its  limited  accuracy  is 
a  proper  instrument  for  cross-section  work  ? 

8.  Under  what  circumstances  is  the  stadia  method  advan- 
tageous for  preliminary  surveys  ? 

9.  What  is  the  justification  of  making  two  or  more  pre- 
liminary surveys  through  difficult  portions  of  the  route? 

10.  How  are  the  tangents  and  curves  for  the  "  location  " 
determined  ?  How  is  the  location  survey  "  tied  "  to  the  prelimi- 
nary survey  ? 

11.  How  would  you  select  a  low-grade  line  through  a  diffi- 
cult piece  of  mountainous  country? 

12  How  are  transit  stations  and  bench  marks  secured 
against  disturbance  during  construction  of  the  road  ? 


875 


RAILROAD  ENGINEERING 


13.  Define  the  degree  of  a  curve.  What  is  the  approximate 
rule  for  the  radius  of  a  curve  of  a  given  degree  ?  What  is  the 
percentage  of  error  of  this  rule  for  a  10°  curve  ? 

14.  What  is  a  sub-chord  ?  What  will  be  the  excess  length 
of  a  sub-chord  with  a  nominal  length  of  45'  on  a  5°  curve? 

15.  What  is  the  difference  between  the  nominal  length  of  a 
railroad  curve  and  its  true  length  measured  on  the  arc?  What 
will  this  amount  to  in  the  case  of  a  6°  curve  subtending  a  central 
angle  of  34°  30'? 

16.  If  two  adjacent  tangents  which  make  an  angle  of  24°  10, 
are  connected  by  a  3°  30'  curve,  what  will  be  the  distance  from  the 
vertex  to  the  point  of  the  curve  ? 

17.  In  the  case  given  above,  how  far  will  the  curve  pass 
from  the  vertex  ? 

18.  A  3°  30'  curve  is  to  begin  at  Sta.  142  +  65  and  is  to 
have  a  total  central  angle  of  28°  30'  ;  compute  the  deflections  from 
the  tangent  at  the  P.O.  to  each  station  and  to  the  P.T. 

19.  In  the  above  case  assume  that  on  account  of  obstructions 
to  sighting  it  was  necessary  to  set  up  the  instrument  at  Sta.  147 
and  sight  back  to  Sta.  144.  Applying  the  rule  of  section  25,  what 
should  be  the  reading  of  the  horizontal  plate  when  the  instrument 
is  sighted  at  Sta.  144,  and  what  should  be  the  reading  when  it  is 
sighted  ahead  at  Sta.  148  ? 

20.  Assume  that  a  3°  curve  having  a  central  angle  of  14°  30 
is  to  be  located  by  tangential  offsets;  make  a  sketch  of  this  case 
and  compute  and  mark  on  the  sketch  the  deflections  and  distances. 

21.  After  running  a  4°  curve  to  some  point  Has  in  Figure 
16,  the  curve  is  found  to  be  obstructed.  It  is  estimated  that  the 
curve  would  again  be  clear  about  400  feet  further  on.  Compute 
the  long  chord  7iin  and  the  angle  which  nm  would  make  with  a 
tangent  to  the  curve  at  n.  What  would  be  the  offset  from  this 
long  chord  to  the  second  station  beyond  n  ? 

22.  Give  detailed  solutions  of  the  problems  stated  in  sec- 
tion 30  ? 

23.  Give  detailed  solutions  of  the  problems  stated  in  sec- 
tion 34  ? 

24.  What  is  the  essential  character  of  a  transition  curve  and 
why  it  is  necessary? 
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25.  Two  tangents  make  an  angle  of  34°  25'.  They  are  to  be 
joined  by  a  5'  curve  having  a  F-per-25-foot  spiral  with  4  chords 
at  each  end  of  the  curve.  Compute  the  distance  from  the  vertex 
of  the  curve  to  the  point  of  beginning  of  the  spiral  and  also  the 
distance  from  the  vertex  to  the  middle  point  of  the  curve. 

26.  Write  out  the  detailed  solution  of  the  problem  given  in 
section  43. 

27.  A  grade  of  -  .9  per  cent  is  changed  in  a  sag  to  a  grade  of 
-f  1.3  per  cent.  Assume  that  these  grades  will  be  joined  by  a 
vertical  curve  1,100  feet  long.  The  vertex  of  the  curve  occurs  at 
Sta.  45  -f  20  and  has  an  elevation  of  122.7.  Compute  the  eleva- 
tions  for  each  station  point  in  the  length  of  this  vertical  curve. 

28.  AVhat  are  the  usual  slope  ratios  for  excavation  in  ordi- 
nary earth  work;  for  a  fill  of  ordinary  earth;  also  for  a  fill  of  blasted 
rock? 

29.  AYhat  width  of  roadbed  is  usually  required  for  cuts  and 
fills  for  both  single  and  double  track. 

30.  Discuss  the  importance  of  a  good  drainage  of  the  roadbed. 
31      Why  is  it  that  the  computed   volume  of  any  mass  of 

earthwork  may  not  represent  accurately  the  amount  of  earth  act- 
ually excavated  even  though  the  mathematical  computations  have 
been  made  with  accuracy  ?  What  points  of  a  cross-section  are 
determined  in  earthwork  surveys  and  why? 

32.  Describe  in  your  own  words,  illustrating  the  description 
by  an  assumed  numerical  case,  the  method  of  locating  slope  stakes. 

33.  What  is  meant  by  level  sections  ?  Why  are  they  prob- 
ably inaccurate  ? 

34.  Under  what  circumstances  are  computations  made  on 
the  base  of  level  sections  especially  inaccurate  ? 

35.  What  are  the  advantages  and  the  errors  of  the  method 
of  equivalent  sections  ? 

36.  Why  is  it  easier  to  compute  the  volume  of  a  prismoid 
by  "averaging  in  areas"  and  applying  a  "prismoidal  correction" 
rather  than  by  applying  the  prismoidal  formula  exactly? 

37.  Verify  and  write  out  the  detailed  determination  of  all 
quantities  in  the  numerical  example  of  section  58,  which  are  not 
already  worked  out  in  that  section. 
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38.  Sketch  a  cross-section  having  two  intermediate  points 
beside  the  slope  stake  on  each  side  of  the  center.  Indicate  the 
distance  of  each  point  out  from  the  center  and  its  height  above  the 
level  of  the  roadbed  by  a  letter,  then  write  out  an  expression  for 
the  area  which  shall  be  similar  to  equation  46  by  a  strict  applica- 
tion of  the  rule  printed  in  italics  in  section  00. 

39.  State  the  approximate  rule  for  determining  the  pris- 
moidal  correction  for  a  section  of  earthwork  having  'irregular" 
end  sections. 

40.  Verify  in  detail  the  determination  of  the.  quantities  in 
the  tabular  form  for  reducing  field  notes  in  section  02  which  are 
opposite  "Sta.  45." 

41.  What  are  "borrow  pits?"  "What  is  their  usual  form 
and  what  is  the  method  of  computing  the  volume  ? 

42.  Why  is  it  that  there  is  usually  a  "correction  for  curva- 
ture "  in  earthwork  computations  ?  Under  what  conditions  is  the 
correction  zero  ? 

43.  What  is  the  approximate  method  of  computing  the  ec- 
centricity of  the  center  of  gravity  of  a  section  when  the  section  is 
"irregular?" 

44.  Describe  how  you  determine  the  eccentricity  of  the 
center  of  gravity  of  a  "side  hill  section." 

45.  What  is  the  fundamental  difference  between  a  detonating 
and  a  slow-burning  blasting  powder  ? 

40.  How  much  blasting  powder  should  be  used  in  a  blast- 
hole  when  the  line  of  least  resistance  is  8  ft.?  How  much  dyna- 
mite would  serve  the  same  purpose  ? 

47.  What  are  the  general  methods  of  hand  drilling  ?  What 
method  of  hand  drilling  should  be  adopted  in  a  tunnel  heading 
where  rapidity  of  work  is  of  great  importance? 

48.  Why  is  tamping  important  ? 

49.  What  is  the  usual  method  of  exploding  blasting  charges  ? 

50.  Discuss  the  shrinkage  of  earthwork  embankments. 
What  methods  are  adopted  to  make  earth  embankments  permanent  ? 

51.  What  is  the  usual  classification  of  excavated  material 
and  how  are  the  different  classes  distinguished  ? 


52. 


What  is  the  basis  of  the  financial  importance  of  accurate 


tunnel  surveying  ? 
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53.  Describe  the  distinguishing  features  of  underground 
surveys. 

o-t.  "What  is  the  method  of  transferring  distance,  elevation 
and  true  direction  from  the  surveys  to  the  bottom  of  a  shaft  ? 

55.  What  principles  underlie  the  design  of  the  cross-section 
of  a  tunnel  ? 

56.  "What  grade  should  be  employed  in  a  tunnel  and  what 
are  the  practical  limitations  ? 

57.  "What  should  be  the  cross-section  of  a  timber-lined  tun- 
nel and  why  ? 

58.  Wherein  lies  the  practical  difficulty  in  constructing  a 
portal  of  a  tunnel  ? 

59.  AVhat  are  the  advantages  and  disadvantages  of  pile 
trestles  ? 

60.  What  are  the  advantages  and  disadvantages  of  the  differ- 
ent methods  of  pile  driving  ? 

61.  How  much  is  the  safe  load  that  can  be  placed  on  a  pile 
which  is  driven  by  a  steam  hammer,  the  hammer  weighing  5,500 
lb.  and  having  a  fall  of  40  inches  when  the  penetration  due  to  the 
last  blow  is  1-J  inches  ? 

62.  What  is  a  mortise  joint  (in  trestle  building)  and  what 
are  its  advantages  ? 

63.  Describe  some  of  the  features  of  multiple  story  construc- 
tion of  trestles. 

64.  Describe  the  methods  of  making  temporary  foundations 
for  trestles. 

65.  Why  are  trestle  stringers  usually  made  of  comparatively 
high  but  narrow  timbers  ? 

66.  What  are  ''separators"  in  trestle  work  and  why  are 
they  used  ? 

67.  What  are  corbels  and  why  are  they  used  ? 

68.  What  are  the  functions  of  guard  rails  on  trestles  and 
flow  should  they  be  located  with  reference  to  the  traction  rails  ? 

69.  Describe,  using  a  sketch,  what  you  consider  the  best 
method  of  elevating  the  outer  rail  on  a  trestle  and  give  your  reasons 
for  the  use  of  that  method  ? 

70.  What  features  govern  the  choice  of  wood  in  trestle  cor 
struction  ? 
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1.  What  is  the  chief  cause  of  the  deterioration  of  locomotive 
boilers  due  to  impure  water  supply? 

2.  What  are  the  chief  difficulties  encountered  in  the  construc- 
tion of  engine  houses  and  how  are  the  difficulties  met  ? 

3.  What  elements  must  be  considered  in  computing  the  total 
cost  of  any  kind  of  railroad  tie  ? 

4.  What  is  the  preferable  method  of  locating  ties  with  reference 
to  rail  joints? 

5.  Assuming  that  an  85-pound  rail  and  a  70-pound  rail  have 
similar  cross-sections,  what  is  the  relative  stiffness  ? 

6.  What  are  the  elements  of  a  perfect  rail  joint  and  why  is  it 
impossible  to  produce  a  perfect  rail  joint  for  steam  railroad  work? 

7.  Why  are  plain  smooth  spikes  preferable  to  spikes  which  are 
jagged  ? 

8.  What  are  the  three  principles  which  form  the  basis  of  the 
design  of  nut  locks? 

9.  Give  a  brief  statement  of  the  general  methods  of  obtaining 
a  pure  water  supply. 

10.  What  are  the  elements  of  an  ideal  form  of  ballast  ?  What 
the  disadvantages  of  "mud"  ballast?  What  are  the  advantages  of 
stone  ballast? 

11.  What  are  the  causes,  other  than  mere  decay  of  the  woc:)d, 
which  re(|uire  that  ties  should  be  renewed? 

12.  What  are  the  features  of  the  A.  S.  C.  E.  rail  section  which 
are  constant  for  all  weights  of  rail  and  what  are  the  proportions  which 
are  constant  or  nearly  constant? 
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13.  What  are  the  advantages  and  disadvantages  in  using  very 
long  rails? 

14.  What  are  the  advantages  obtained  by  the  use  of  tie  plates? 

15.  How  many  track  bolts  in  a  mile  of  single  track  using  six-bolt 
splice  bars  and  30-foot  rails? 

16.  How  much  is  allowed  for  rail  expansion  and  how  is  this 
practically  provided  for? 

17.  How  much  gap  would  you  allow  at  a  rail  joint  when  the 
temperature  of  the  rail  at  the  time  of  laying  is  45°  F  ? 

18.  What  should  be  the  middle  ordinate  of  a  30-foot  rail  bent 
to  a  40°  curve? 

19.  AVhat  should  be  the  superelevation  of  the  outer  rail  for  a 
60°  curve  when  the  maximum  speed  is  45  miles  per  hour  ? 

20.  If  the  maximum  speed  for  trains  is  assumed  at  60  miles  per 
hour,  what  will  be  the  length  of  a  string  or  tape  which,  when  stretched 
as  a  chord  inside  the  rail,  will  give  a  middle  ordinate  e(|ual  to  the 
recjuired  superelevation  ? 

21.  What  is  the  fundamental  advantage  of  a  point  switch  over 
a  stub  switch? 

22.  Suppose  it  were  recjuired  to  make  to  order  a  frog  having 
a  frog  angle  of  6°  30' ;  what  would  be  the  frog  number  ? 

23.  Verify  the  calculations  for  the  length  of  the  lead  of  a  switch 
from  a  straight  track  using  a  No.  8  frog  on  the  basis,  first,  of  circular 
lead  rails,  and  second,  of  straight  point  rails  and  straight  frog  rails, 
using  the  values  given  in  Table  III. 

24.  If  a  No.  8  frog  has  been  used  in  switching  from  a  straight 
track,  what  will  be  the  radius  of  the  connecting  curve  when  the  dis 
tance  between  track  centers  is  13  ft.  ? 

25.  What  will  be  the  length  and  radius  of  the  connecting  cun^e 
running  from  a  switch  on  the  outside  of  a  main  track,  which  is  a  4°  30' 
curve,  the  frog  use<l  being  No.  9  and  the  distance  between  the  track 
centers   13  ft.? 

26.  Make  all  the  computations  for  the  location  of  a  turnout  to 
the  inside  of  a  4°  curve  using  a  No.  8  frog. 

27.  ^^^lat  are  the  different  kinds  of  tracks  making  up  a  freight 
yard  ? 

28.  By  what  device  is  engine  service  economized  in  planning 
a  freight  yard? 
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29.  What  is  the  basic  principle  of  the  absolute  block  system  of 
signaHng?    What  is  permissive  blocking? 

30.  What  are  distant  signals?  How  do  they  facilitate  train 
speed  ? 

31.  What  is  the  principle  of  automatic  signal  systems? 

32.  What  are  the  arguments  for  and  against  semaphores  as 
compared  with  enclosed  signals? 

33.  How  much  will  be  the  change  of  length  of  a  signal  wire  or 
pipe  which  is  1,200  feet  from  the  signal  tower  for  a  change  of  tempera- 
ture from  120°  F.  to  0°?  How  will  such  a  change  of  length  be  neu- 
tralized in  the  compensating  mechanism? 

34.  By  what  device  will  an  electro-pneumatic  signal  be  set  at 
danger  if  there  should  be  a  failure  of  either  the  electric  current  or  the 
pneumatic  pressure? 

35.  Upon  whom  must  the  responsibility  rest  in  the  case  of  a 
collision  in  a  yard  operated  with  interlocking  switches  and  why  ? 

36.  In  what  way  will  the  careless  use  of  the  track  gauge  give 
inaccurate  results  and  why? 

37.  What  is  the  danger  involved  in  the  use  of  track  jacks  ? 

38.  Under  what  conditions  is  it  economical  to  provide  sleeping 
and  dining  accommodations  for  the  work-train  gang? 

39.  Under  what  conditions  is  the  ditching  work  of  a  work-train 
gang  abnormally  expensive? 

40.  What  is  the  most  economical  methofl  of  distributing  ties 
for  renewals? 

41.  Under  what  conditions  is  it  cheaper  to  load  ballast  from  a 
gravel  pit  by  hand  labor  ? 

42.  Under  what  conditions  is  it  cheaper  to  fill  up  trestle  sites 
rather  than  rebuild  the  trestles? 

43.  What  precautions  must  be  taken  in  refilling  high  trestles? 

44.  What  are  the  (jualifications  for  a  successful    roadmaster? 
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1.  Discuss  the  two  classes  of  financial  interests  which  are 
concerned  in  the  ownership  of  railroads — indicating  the  security  and 
profits  of  each. 

2.  Describe  methods  of  estimating  the  probable  volume  of 
traffic  on  a  proposed  road,  indicating  particularly  the  factors  which 
must  be  taken  into  consideration  in  making  such  a  calculation. 

3.  Discuss  the  division  of  the  gross  revenue  and  the  percent- 
ages which  are  ordinarily  spent  in  operating  expenses,  fixed  charges, 
and  dividends. 

4.  Discuss  operating  expenses  per  train  mile;  their  uniform- 
ity for  heavy  and  light  traffic  roads;  the  tendency  toward  variation 
of  the  chief  items. 

5.  Discuss  the  items  of  expense  per  train  mile  which  are 
affected  by  a  small  increase  in  distance. 

6.  By  the  cutting  of  a  tunnel  through  a  sharp  bow  in  the  line 
of  a  railroad  following  a  river  bank,  the  total  length  of  the  line  would 
be  shortened  2.6  miles.  What  would  be  the  justifiable  expenditure 
that  might  be  made  for  the  construction  of  the  tunnel,  money  being 
obtainable  at  5  per  cent,  and  the  traffic  of  the  road  being  16  trains  per 
day  each  way. 

7.  Discuss  the  items  of  expense  per  train  mile  which  are 
affected  by  curs-ature. 

8.  Assume  that  the  elimination  of  the  bow-line  in  the  railroad 
along  the  river  (see  Question  6)  will  cut  out  174°  of  curvature.  How 
much  further  expenditure  for  purposes  of  construction  would  this 
item  justify? 
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29.  What  is  the  basic  principle  of  the  absohite  block  system  of 
signaling?     What  is  permissive  blocking? 

30.  W'hat  are  distant  signals?  How  do  they  facilitate  train 
sf>eed  ? 

31.  What  is  the  principle  of  automatic  signal  systems? 

32.  W'hat  are  the  arguments  for  and  against  semaphores  as 
compared  with  enclosed  signals? 

33.  How  much  will  be  the  change  of  length  of  a  signal  wire  or 
pipe  which  is  1,200  feet  from  the  signal  tower  for  a  change  of  tempera- 
ture from  120°  F.  to  0°?  How  will  such  a  change  of  length  be  neu- 
tralized in  the  comj^ensating  mechanism  ? 

34.  By  what  device  will  an  electro-pneumatic  signal  be  set  at 
danger  if  there  should  be  a  failure  of  either  the  electric  current  or  the 
pneumatic  pressure? 

35.  Upon  whom  must  the  responsibility  rest  in  the  case  of  a 
collision  in  a  yard  operated  with  interlocking  switches  and  why  ? 

30.  In  what  way  will  the  careless  use  of  the  track  gauge  give 
inaccurate  results  and  w^hy? 

37.  Wlmt  is  the  danger  involved  in  the  use  of  track  jacks  ? 

38.  Under  what  conditions  is  it  economical  to  provide  sleeping 
and  dining  accommodations  for  the  work-train  gang? 

39.  Under  what  conditions  is  the  ditching  work  of  a  work-train 
gang  abnormally  expensive? 

40.  What  is  the  most  economical  method  of  distributing  ties 
for  renewals? 

41.  Under  what  conditions  is  it  clieaper  to  load  ballast  from  a 
gravel  pit  by  hand  labor  ? 

42.  Under  what  conditions  is  it  cheaper  to  fill  up  trestle  sites 
rather  than  rel^uild  the  trestles? 

43.  What  precautions  must  be  taken  in  refilling  high  trestles? 

44.  What  are  the  (jualifications  for  a  successful    roadmaster? 
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1.  Discuss  the  two  classes  of  financial  interests  which  are 
concerned  in  the  ownership  of  railroads — indicating  the  security  and 
profits  of  each. 

2.  Describe  methods  of  estimating  the  probable  volume  of 
traffic  on  a  proposed  road,  indicating  particularly  the  factors  which 
must  be  taken  into  consideration  in  making  such  a  calculation. 

3.  Discuss  the  division  of  the  gross  revenue  and  the  percent- 
ages which  are  ordinarily  spent  in  operating  expenses,  fixed  charges, 
and  dividends. 

4.  Discuss  operating  expenses  per  train  mile;  their  uniform- 
ity for  heavy  and  light  traffic  roads;  the  tendency  toward  variation 
of  the  chief  items. 

5.  Discuss  the  items  of  expense  per  train  mile  which  are 
affected  by  a  small  increase  in  distance. 

6.  By  the  cutting  of  a  tunnel  through  a  sharp  bow  in  the  fine 
of  a  railroad  following  a  river  bank,  the  total  length  of  the  line  would 
be  shortened  2.6  miles.  What  would  be  the  justifiable  expenditure 
that  might  be  made  for  the  construction  of  the  tunnel,  money  being 
obtainable  at  5  per  cent,  and  the  traffic  of  the  road  being  16  trains  per 
day  each  way. 

7.  Discuss  the  items  of  expense  per  train  mile  which  are 
affected  by  curv^ature. 

8.  Assume  that  the  elimination  of  the  bow-line  in  the  railroad 
along  the  river  (see  Question  6)  will  cut  out  174°  of  curvature.  How 
much  further  expenditure  for  purposes  of  construction  would  this 
item  justify? 
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9. .  Discuss  curve  compensation;  the  reasons  for  its  use;  the 
values  which  should  be  employed. 

10.  Explain  the  distinction  between 
minor  and  ruling  grades. 

11.  What  is  the  meaning  of  "  velocity 
head"?  AVhat  is  the  velocity  head  of  a 
train  when  moving  at  the  following  veloci- 
ties  in  miles  per  hour:  21;  27.4;  32.25? 
What  velocities  correspond  to  velocity 
heads  of  18.58;  38.92;  49.25? 

12.  Explain  the  fundamental  principle 
of  a  virtual  profile,  and  describe  its  use  and 
possible  misuse. 

13.  Classify  "minor  grades"  on  the 
basis  of  their  effect  on  operating  expenses. 

14.  Discuss  the  effect  on  operating 
expenses  of  a  sag  or  a  hump  on  a  grade  line.        ^^ 

15.  Compute  in  detail,  giving  reasons 
for  the  various  steps,  the  operating  value 
of  filling  up  the  sag  A  B  C  in  the  accom- 
panying illustration,  assuming  that  there 
are  nine  heavy  freight  trains  and  four 
heavy  passenger  trains  per  day  each  way. 

16.  Discuss  the  distinctive  elements 
of  a  ruling  grade. 

17.  An  "Atlantic"  type  passenger 
engine,  with  loaded  tender  v/eighs  273,000 
j)0und8,  the  weight  on  the  drivers  being 
84,000  pounds.  How  many  tons  of  cars 
can  it  haul  up  a  1.70  per  cent  grade  when 
the  tractive  resistance  on  a  level  is  7  pounds 
and  when  the  tractive  adhesion  is  ^  ? 

18.  Discuss  the  elements  of  the  cost 
of  an  extra  engine  to  handle  a  given  gross 
number  of  loaded  cars. 

19.  How  much  may  justifiably  be 
spent  to  reduce  the  rate  of  a  ruling  grade 
from  1.7  per  cent  to  1.0  per  cent  when 


:584 


RAILROAD  ENGINEERING 


there  are  10  trains  per  day  operating  against  those  grades  ?  As- 
sume that  the  trains  are  hauled  by  consolidation  engines  weighing 
324:,000  pounds,  with  181,200  pounds  on  the  drivers;  assume  6 
pounds  tractive  resistance  on  a  level.  Give  all  the  details  of  the 
computations  and  state  the  reasons  for  each  step. 

20.  Demonstrate  the  fundamental  principle  in  the  economy 
of  pusher  grades. 

21.  Given  a  maximum  grade  of  2.10  per  cent,  what  would  be 
the  corresponding  through  grade  if  one  pusher  engine  is  used  — 
the  engine  being  of  the  type  described  in  Question  19  ?  If  two 
pushers  were  used  on  the  2.10  per  cent  grade,  what  would  be  the 
corresponding  one-pusher  and  through  grades  ? 

22.  Discuss  the  elements  of  the  cost  of  the  operation  of 
pusher  engines. 

23.  With  the  data  of  Problem  19,  assume  that  the  1.7  per 
cent  grade  is  to  be  treated  as  a  pusher  grade.  Compute  the  cor- 
responding through  grade  and  then  compute  the  value  of  such  a 
method  on  the  basis  that  there  are  three  pusher  grades  of  4,  6, 
and  7  miles. 

24.  Discuss  the  fundamental  principle  of  the  "  balance  of 
grades  for  unequal  traffic''. 

25.  Describe  the  method  of  making  speed  observations  for  a 
study  of  the  capacity  of  locomotives  on  grades. 

26.  On  a  1.2  per  cent  grade,  base  lines  of  440  feet  each  are  laid 
out,  the  bases  being  8,200  feet  apart.  A  train  with  cars  weighing 
590  tons,  drawn  by  a  consolidation  engine  weighing  107  tons,  runs 
up  the  grade,  passing  the  lower  base  in  19.6  seconds  and  the  upper 
base  in  11.2  seconds.  What  is  the  total  excess  power  of  the 
engine  ?  How  many  additional  tons  could  it  draw  up  the  grade  if 
the  normal  tractive  resistance  is  6  pounds  per  ton  ? 

27.  How  much  additional  energy  per  ton  must  an  engine  ex- 
ert in  order  to  give  to  a  train  a  velocity  of  30  miles  per  hour  in  a 
distance  of  2,000  feet,  starting  from  rest  ? 

28.  Discuss  the  economics  of  heavy  rails. 
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